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INTRODUCTION
B o v in e  m a s t i t i s  c o n t i n u e s  t o  r a n k  a s  o n e  o f  t h e  
m o s t  c o s t l y  d i s e a s e s  o f  d a i r y  c a t t l e  i n  many p a r t s  o f  t h e  
w o r l d .  I t  I s  e s t i m a t e d  t h a t  i t  c a u s e s  a n  a n n u a l  l o s s  o f  
a b o u t  250 m i l l i o n  d o l l a r s  I n  t h e  U n i t e d  S t a t e s  and  a b o u t  
^  t o  6 m i l l i o n  p o u n d s  I n  G r e a t  B r i t a i n *  I t  i s  r e p o r t e d  
f ro m  v a r i o u s  p a r t s  o f  t h e  w o r l d  t h a t  t h e  r a t e  o f  b o v in e  m as­
t i t i s  due  t o  s t a p h y l o c o c c i  I s  on t h e  i n c r e a s e .  The i n c i d e n c e  
I n  some o f  t h e  b a d l y  n e g l e c t e d  h e r d s  i n  t h e  U n i t e d  S t a t e s  
i s  a s  h i g h  a s  6 0 $ .  On t h e  b a s i s  o f  a  t e n - y e a r  s u r v e y  t h e  
i n c i d e n c e  r e p o r t e d  i n  G r e a t  B r i t a i n  was 13*5>$» D u r in g  t h e  
same p e r i o d ,  f ro m  m ore t h a n  1000  a b n o rm a l  u d d e r  s e c r e t i o n s ,  
14.1 . 8$  i s o l a t e s  w e re  s ta p h ^ Q o c o c c l .
No e f f e c t i v e  m e th o d s  h a v e  a s  y e t  b e e n  d e v e l o p e d  f o r  
t h e  c o n t r o l  o f  s t a p h y l o c o c c i a  b o v in e  m a s t i t i s .  A n um b er  o f  
r e s e a r c h  w o r k e r s  h a v e  a t t e m p t e d  t o  e s t a b l i s h  t h e  v a l u e  o f  
s t a p h y l o c o c c a l  t o x o i d s ,  b a c t e r i n s ,  o r  b a e t e r i n - t o x o i d s  f o r  
i n c r e a s i n g  t h e  r e s i s t a n c e  o f  a n im a l s  o r  man t o  S t a p h y l o c o c c u s  
a u r e u s  I n f e c t i o n s .  I t  i s  r e c o g n i z e d  t h a t  a n t i t o x i n  and  
a n t i b a c t e r i a l  im m u n i ty  i n  S .  a u r e u s  i n f e c t i o n s  a r e  d i f f e r e n t .  
V a c c i n a t i o n  w i t h  t o x o i d s  s t i m u l a t e s  a n t i t o x i n  r e s p o n s e  w h ic h  
p r o t e c t s  t i s s u e  dam ages due t o  b a c t e r i a l  t o x i n s  b u t  may n o t  
p r e v e n t  o r  e l i m i n a t e  t h e  i n f e c t i o n .  On t h s  o t h e r  h a n d ,  
b a c t e r i a l  v a c c i n e s  p r o d u c e  a n t i b o d i e s  o n l y  a g a i n s t  c e l l s  
a n d  w i l l  n o t  p r e v e n t  t i s s u e  dam ages  due  t o  v a r i o u s  t o x i n s
1
2e l a b o r a t e d  b y  t h e  c e l l s  d u r i n g  t h e  p r o c e s s  o f  i n f e c t i o n .  A 
c o m b i n a t i o n  o f  b o t h  m ay be  t h e  b e s t  c o m p r o m is e .  Some w o r k ­
e r s  p r e f e r  t h e  u s e  o f  l y s e d  c e l l  v a c c i n e s  r a t h e r  t h a n  t h e  
o n e s  h a v i n g  w h o le  c e l l s .  H o w e v e r ,  i t  h a s  r e c e n t l y  b e e n  
p o i n t e d  o u t  t h a t  f o r  s u c c e s s f u l  p h a g o c y t o s i s  o f  c e r t a i n  
s t r a i n s ,  t h e  p r e s e n c e  o f  a n t i b o d i e s  a g a i n s t  b a c t e r i a l  c e l l  
s u r f a c e  a n t i g e n s  a r e  o b l i g a t o r y ;  a n t i b o d i e s  a g a i n s t  l y s e d  
c e l l  a n t i g e n  I n  s u c h  c a s e s  a r e  n o t  e n o u g h .  I t  h a 3 a l s o  
b e e n  d e m o n s t r a t e d  t h a t  c e r t a i n  s t r a i n s  o f  S.. a u r e u s  may 
c o n t a i n  a  v a r i e t y  o f  s u r f a c e  a n d  p r o t o p l a s m i c  a n t i g e n s .
Some may be  s t r a i n  s p e c i f i c  a n d  o t h e r s  a r e  s h a r e d  by  d i f ­
f e r e n t  s t r a i n s .  F u r t h e r  s t u d i e s  a r e  n e e d e d  t o  d e t e r m i n e  
t h e  v a l u e  o f  p o l y v a l e n t  v a c c i n e s  f o r  Im m u n iz in g  d a i r y  c a t t l e  
a g a i n s t  S .  a u r e u s  m a s t i t i s  a n d  t o  d e t e r m i n e  w h a t  a n t i g e n i c  
s u b s t a n c e s  p r o d u c e d  b y  t h i s  o r g a n i s m  a r e  o f  p a r t i c u l a r  v a l u e  
i n  s t i m u l a t i n g  a n  immune r e s p o n s e  t o  t h i s  d i s e a s e .
I n  t h i s  S tudy , a n  e f f o r t  w as m ade t o  d e t e r m i n e  t h e  
I n f l u e n c e  o f  c e r t a i n  f a c t o r s  on  t h e  p r o d u c t i o n  o f  v a r i o u s  
d i f f u s i b l e  p r o d u c t s  b y  s t r a i n s  o f  S .  a u r e u s  I s o l a t e d  f r o m  
b o v i n e  m a s t i t i s .  V a r i o u s  c h e m i c a l  a n d  p h y s i c a l  m ean s  o f  
i n a c t i v a t i o n  o f  t h e  b a c t e r i a l  c e l l s  a n d  t h e . t o x i n s  f o r  v a c ­
c i n e  p r e p a r a t i o n s  w e re  s t u d i e d .  A c o m p a r i s o n  o f  t h e  im m u n i­
z i n g  p r o p e r t i e s  o f  t h e  w h o le  a n d  d i s r u p t e d  c e l l  v a c c i n e s  
w as m a d e .  The e f f e c t s  o f  v a c c i n e s  w i t h  a n d  w i t h o u t  a d j u ­
v a n t s  w e re  i n v e s t i g a t e d  i n  r e l a t i o n  t o  a n t i b o d y  p r o d u c t i o n .  
An a t t e m p t  w as a l s o  m ade t o  c o r r e l a t e  v a r i o u s  t y p e s  c f  
a n t i b o d i e s  w i t h  r e s i s t a n c e  t o  S .  a u r e u s  I n f e c t i o n .
3REVIEW OP LITERATURE
A . FACTORS AFFECTING THE PRODUCTION OF ALPHA
AND BETA TOXINS AND COAGULASE BY S .  AUREUS
1 .  T e m p e r a t u r e . V e ry  l i t t l e  w ork  h a s  b e e n  done  o n  
t h e  op tim um  t e m p e r a t u r e  r e q u i r e m e n t s  f o r  t h e  p r o d u c t i o n  o f  
v a r i o u s  t y p e s  o f  3 ,  a u r e u s  t o x i n s .  Chapman (1 9 4 7 )  c l a i m e d  
t h a t  c e r t a i n  c o a g u l a s e  p o s i t i v e  s t r a i n s  o f  S .  a u r e u s  h a v e  
a n  op tim um  g r o w th  t e m p e r a t u r e  o f  30 C. D a v ie s  (1 9 5 1 )  e x a ­
m in e d  S .  a u r e u s  s t r a i n s  f o r  c o a g u l& e e  p r o d u c t i o n  a t  d i f ­
f e r e n t  t e m p e r a t u r e s .  He fo u n d  some p r o d u c t i o n  b e tw e e n
t h e  t e m p e r a t u r e s  o f  20 C a n d  4 5  C, b u t  t h e  maximum y i e l d  
was o b t a i n e d  a t  35  C. R e c e n t l y ,  B ungay ( I 96 I )  e x a m in e d  
t h r e e  s t r a i n s  f o r  t h e  p r o d u c t i o n  o f  s t a p h y l o k i n a s e ,  h y a l -  
t t r o n i d a s e ,  t h e  P a n t o n - V a l e n t i n e  l e u c o c i d i n  (P .V .  l e u c o c i d i n ) ,  
an d  a l p h a  h e m o l y s i n  a t  t h e  t e m p e r a t u r e s  o f  35 C t o  43  0 .  
S t a p h y l o k i n a s e  y i e l d  was maximum a t  35 C an d  l o w e s t  a t  4 3  0 .  
T h e re  was no d i f f e r e n c e  i n  t h e  am ount o f  c e l l  g r o w th  a t  
t h e s e  t e m p e r a t u r e s .  H y a l u r o n i d a s e ,  l e u c o c i d i n ,  an d  a l p h a  
h e m o l y s i n  p r o d u c t i o n  w ere  t e s t e d  i n  c u l t u r e s  g ro w n  a t  37 C 
a n d  4-L C t e m p e r a t u r e s .  A l t h o u g h  t h e r e  was no  d i f f e r e n c e  i n  
t h e  y i e l d  o f  l e u c o c i d i n  an d  a l p h a  h e m o l y s i n ,  t h e  p r o d u c t i o n  
o f ' h y a l u r o n i d a s e  was 5 t o  6 t i m e s  h i g h e r  I n  t h e  c u l t u r e s  
g ro w n  a t  37 c  t h a n  a t  4 1 c *
2 .  A e r a t i o n  a n d  c a r b o n  d i o x i d e . V a r io u s  m eans 
h a v e  b e e n  em p lo y ed  t o  i n c r e a s e  t h e  y i e l d  o f  S .  a u r e u s  t o x i n s  
i n  l i q u i d  m e d i a .  Walbum (1 9 2 2 )  p o i n t e d  o u t  t h a t  a  s l i g h t l y
ka c i d  r e a c t i o n  o f  the m edium  w as o p t i m a l  f o r  t o x i n  p r o d u c ­
t i o n *  P a r k e r  e t  a l  ( 1 9 2 5 - 2 6 )  i n c r e a s e d  t o x i n  p r o d u c t i o n  
by  g ro w in g  t h e  c u l t u r e s  i n  an  fe tm o sp h e re  o f  10$  CO2 . The 
i n c r e a s e d  y i e l d  was a t t r i b u t e d  t o  t h e  b u f f e r i n g  a c t i o n  o f  
t h i s  g a s .  B u r n e t  ( 1 9 3 0 )  a d d e d  s m a l l  am ou n ts  o f  a g a r  i n  t h e  
l i q u i d  m edium  t o  a c h i e v e  t h e  same p u r p o s e .  L a t e r  when d e ­
v i c e s  f o r  s h a k i n g  t h e  c u l t u r e s  m e c h a n i c a l l y  w e re  a v a i l a b l e  
f o r  i n c r e a s e d  a e r a t i o n ,  t h e  u s e  o f  a g a r  was d i s c o n t i n u e d .  
Casm&n (1938*  191+0) was a b l e  t o  i n c r e a s e  t h e  t i t e r  by b u b ­
b l i n g  a  m i x t u r e  o f  2 0 $  CO2 an d  8 0 $  O2 i n t o  t h e  m ed ium . The 
a u t h o r  c o m p a re d  d i f f e r e n t  m e th o d s  o f  m e c h a n i c a l  a g i t a t i o n ;  
s h a l l o w  l i q u i d  c u l t u r e s  a e r a t e d  by c o n t i n u o u s  g e n t l e  r o c k ­
i n g  m e th o d  g a v e  b e s t  r e s u l t s  w h ic h  w e re  c o m p a ra b le  t o  t h e  
y i e l d  o b t a i n e d  by sem i s o l i d  a g a r  m e th o d .  F a v o r i t e  and  
Hammon (191+1) r e p o r t e d  no  a l p h a  t o x i n  p r o d u c t i o n  o n  t h e  
s h a k i n g  m a c h in e ;  h o r i z o n t a l  r o t a t i o n  o f  t h e  c u l t u r e  f l a s k s ,  
h o w e v e r ,  g a v e  g o o d  y i e l d .  T hey  a l s o  f o u n d  t h a t  s e m i s o l i d  
a g a r  c u l t u r e s  w i t h o u t  s h a k i n g  g a v e  h i g h e s t  t o x i n  t i t e r s .  A 
g a s  m i x t u r e  o f  e i t h e r  5 0$  CO  ^ a n d  5 0 $  O2 o r  2 5 $  CO2 a n d  7 5$  
a i r  was f o u n d  s u p e r i o r  t o  o t h e r  m i x t u r e s .  D a i l y  r e p l a c e ­
m e n t  o f  t h e  g a s e o u s  m i x t u r e  d i d  n o t  i n c r e a s e  t h e  y i e l d  o f  
t o x i n s .  D u t h i e  a n d  W y lie  (191+5) o b t a i n e d  v e r y  h i g h  y i e l d  
o f  t o x i n s  by  c o n t i n u o u s  g e n t l e  r o c k i n g  o f  s h a l l o w  l i q u i d  
c u l t u r e .  C h r i s t i e  an d  N o r th  (191+1) o b s e r v e d  t h a t ,  u n l i k e  
a l p h a  l y s i n ,  b e t a  l y s i n  p r o d u c t i o n  i s  i n d e p e n d e n t  o f  t h e  
i n c r e a s e d  c o n c e n t r a t i o n  o f  CC>2 * I t  i s  a l s o  n o t  i n h i b i t e d  
b y  a n a e r o b l o s i s . D a v ie s  (1 9 5 1 )  p r o d u c e d  h i g h e r  c o a g u l a s e
5t i t e r s  b y  s t i r r i n g  t h e  s u r f a c e  o f  t h e  m edium  g e n t l y  w i t h  a  
s t r e a m  o f  a i r .  F a h l b e r g  a n d  M a r s t o n  ( i 9 6 0 )  f o u n d  t h a t  c o n ­
c e n t r a t i o n s  o f  5 $ ,  2.0%, 30%, a n d  l±Q% CO2 w e re  n o t  s t i m u l a t o r y  
a n d  i n  some c a s e s  r a t h e r  i n h i b i t e d  c o a g u l a s e  p r o d u c t i o n .  
S h a k i n g  o f  t h e  c u l t u r e  m ed ium  r e d u c e d  t h e  y i e l d  o f  c o a g u l a s e  
o f  o n e  s t r a i n  a n d  h a d  n o  e f f e c t  on tw o o t h e r  s t r a i n s .
3 -  M edium . Good t i t e r s  o f  S>. a u r e u s  t o x i n s  w e re  
o b t a i n e d  i n  p e p t i c  d i g e s t  m e d ia  by  Ramon ( 1 9 3 6 ) ^ ih  p a p a i n  
d i g e s t e d  h o r s e  m e a t  b y  Ramon e t  a l  (191+1), i n  a c i d  h y d r o l y ­
s a t e  o f  m e a t  b y  M e r c i e r  a n d  P i  l i e  t  (1 9 i | .6 ) ,  a n d  i n  c a s e i n  
h y d r o l y s a t e  s u p p l e m e n te d  r r i t h  t h i a m i n e ,  n i c o t i n i c  a c i d  an d  
g l u c o s e  by  F a v o r i t e  a n d  Hammon (1914-1). B ram ann  a n d  N o r l i n  
( 1 9 ^ 1 )  r e p o r t e d  e x c e l l e n t  t o x i n  p r o d u c t i o n  i n  c a s e i n  h y d r o l ­
y s a t e  t o  w h ic h  y e a s t  e x t r a c t  h a d  b e e n  a d d e d .  S l a n e t z  e t  a l
(1 9 5 9 )  a n d  B a ss  and  H i g g in b o th p m  ( I 9 6 0 )  o b t a i n e d  h i g h  y i e l d s  
i n  v e a l  i n f u s i o n  b r o t h .
Some s u c c e s s  h a s  b e e n  a c h i e v e d  i n  p r o d u c i n g  t o x i n s  
i n  c h e m i c a l l y  d e f i n e d  m e d i a .  G l a d s t o n e  (1 9 3 $ )  o b t a i n e d  
g o o d  y i e l d s  o f  a l p h a  t o x i n  i n  a  medi\im c o n t a i n i n g  a r g i n i n e ,  
g l y c i n e ,  a l a n i n e ,  p r o l i n e ,  v a l i n e ,  p h e n y l a l a n i n e ,  c y s t i n e ,  
t r y p t o p h a n ,  a n d  m e t h i o n i n e .  The same am in o  a c i d s  w e re  r e ­
q u i r e d  f o r  h e m o l y s i n  p r o d u c t i o n  a s  w e re  n e e d e d  f o r  g r o w th  
b u t  t h e  c o n c e n t r a t i o n s  o f  a r g i n i n e  a n d  g l y c i n e  n e c e s s a r y  f o r  
t o x i n  p r o d u c t i o n  w e re  h i g h e r .
F o r  c o a g u l a s e  p r o d u c t i o n  e i t h e r  b r a i n  h e a r t  i n f u s i o n  
d i a l y s a t e  (BHID) b r o t h  ( F a h l b e r g  a n d  M a r s t o n ,  I 9 6 0 )  o r  BHID 
w i t h  some a d d i t i o n a l  t r a c e  e l e m e n t s  ( B o r c h a r d t  e t  a l ,  1 9 ^ 3 )
6h a v e  b e e n  s u c c e s s f u l l y  u s e d .  O th e r  m e d ia  u s e d  f o r  c o a g u ­
l a s e  p r o d u c t i o n  a r e  h e a r t  I n f u s i o n  b r o t h  ( B l o b e l  e t  a l . ,  
I 9 6 0 ) a n d  d i g e s t  b r o t h  (L o m in sk i  e t  a l . ,  1 9 6 2 ) .
F o r  l a r g e  s c a l e  p r d d u c t i o n  o f  l e u c o c i d i n  W oodin 
( 1 9 6 1 ) u s e d  a  m edium  w h ic h  c o n t a i n e d  20  g c a s a m in o  a c i d s ,
20 g  Na g l y c e r o p h o s p h a t e ,  li+.ij. m l Na l a c t a t e  70$  s y r u p ,
0 . 2 5  m l MgS0^.7H2 0 1 6 $  s o l u t i o n ,  0 .1 2 £  m l MnS0^.1jH20 6 . 1 $  
s o l u t i o n ,  2 m l F e S 0 ^ .7 H 20 0 .3 2 $  s o l u t i o n ,  0.1(.l g KH2P 0 ^ ,
3 . 1  g Na2HP0|^.2H2 0 ,  a n d  20 g o x o id  y e a s t  d i f f u s a t e .  D i s ­
t i l l e d  w a t e r  was a d d ed  t o  make t h e  f i n a l  vo lum e t o  1000  m l ,  
t h e  pH a d j u s t e d  t o  7 -it a n d  t h e  m edium  a u t o c l a v e d  a t  15  l b s  
f o r  20 m i n u t e s .  T h is  medium  was a l s o  u s e d  by B ungay (1 9 6 1 )  
f o r  t h e  p r o d u c t i o n  o f  s t a p h y l o k i n a s e ,  P .V . l e u c o c i d i n ,  an d  
h y a l u r o n i d a s e .
I4.. I n c u b a t i o n  t i m e . P a r k e r  e t  a l .  ( 1 9 2 5 -2 6 )  o b ­
t a i n e d  good  y i e l d  o f  t o x i n  u s i n g  an  a tm o s p h e r e  o f  10$  C02 
an d  an  I n c u b a t i o n  p e r i o d  o f  lj.8 h o u r s .  G l a d s t o n e  (1 9 3 8 )  
fo u n d  t h a t  t h e  r a t e  o f  a l p h a  l y s i n  p r o d u c t i o n  i n  a  s y n t h e ­
t i c  medium  w as h i g h  a f t e r  t h e  f i r s t  two day s  o f  i n c u b a t i o n  
a n d  r e a c h i n g  maximum on  t h e  f o u r t h  o r  f i f t h  d a y .  F a v o r i t e  
a n d  Hammon (191+1) r e p o r t e d  t h a t  i n  c a s e i n  h y d r o l y s a t e  me­
d iu m , h e m o l y s i n  p r o d u c t i o n  i n c r e a s e d  u p  t o  t h e  s e c o n d  d a y ,  
t h e n  f l u c t u a t e d  s l i g h t l y  d u r i n g  t h e  n e x t  f i v e  d a y s  o f  i n ­
c u b a t i o n .  M angalo  e t  a l .  ( I 9 f?i|) f o u n d  a  t im e  l a g  b e tw e e n  
t h e  b e g i n n i n g  o f  t h e  e x p o n e n t i a l  p h a s e  o f  g ro w th  an d  t h e  
a p p e a r a n c e  o f  t o x i n  I n  t h e  c u l t u r e  m edium . D a v ie s  (1 9 5 1 )  
u n d e r  c e r t a i n  d e f i n e d  c u l t u r a l  c o n d i t i o n s  r e p o r t e d  a  l a r g e
7am oun t o f  c o a g u l a s e  w i t h i n  a  few  m i n u t e s  I n  t h e  l a t e r  p a r t  
o f  t h e  l a g  p h a s e  o f  b a c t e r i a l  g r o w t h .  F a h l b e r g  a n d  M a r s to n  
( I 9 6 0 )  u s i n g  b r a i n  h e a r t  i n f u s i o n  b r o t h  w e re  a b l e  t o  o b t a i n  
g o o d  t i t e r  o f  c o a g u l a s e  w i t h i n  s i x  h o u r s  o f  i n c u b a t i o n .
T hey  t h o u g h t  t h a t  t h e r e  was n o  n e c e s s i t y  o f  l o n g e r  i n c u b a ­
t i o n  f o r  h i g h e r  p r o d u c t i o n .  G a le  (19if-3) r e p o r t e d  t h a t  h y a l -  
u r o n l d a s e  a n d  c o a g u l a s e  s t o p  i n c r e a s i n g  a lo n g  w i t h  t h e  
s t o p p a g e  o f  b a c t e r i a l  g r o w t h .  R o g e rs  (1 95^*  1 9 5 5 )  c o n c l u d e d  
t h a t  c o a g u l a s e  p r o d u c t i o n  h a s  a  l a g  p h a s e  s i m i l a r  t o  t h e  
l a g  p h a s e  o f  b a c t e r i a l  g r o w t h .  P r o d u c t i o n  t h e n  s t a r t s  
s l o w l y  and  s t o p s  b e f o r e  g r o w t h .  The l a g  p h a s e  o f  I t y a l u -  
r o n i d a s e  p r o d u c t i o n  i s  g r e a t e r  t h a n  t h e  l a g  i n  grotflbh. I t s  
p r o d u c t i o n  t h e n  o c c u r s  w i t h  a  g r e a t e r  s p e e d  a n d  s t o p s  I n ­
c r e a s i n g  a b r u p t l y  s o o n e r  t h a n  t h e  g r o w th  s t o p s .  V a l e n t i n e
(1 9 3 6 )  f o u n d  t h a t  P .V .  l e u c o c i d i n  a p p e a r s  w i t h i n  t h e  f i r s t  
2l\. h o u r s  o f  i n c u b a t i o n  a n d ,  b e in g  o x y g e n  l a b i l e ,  t h e r e a f t e r  
d e c r e a s e s  i n  a m o u n t .  W oodin  (1 9 5 9 )  o b t a i n e d  maximum y i e l d  
o f  P .V .  l e u c o c i d i n  i n  e i g h t  t o  t e n  h o u r s  i n  c a s a m in o  a c i d  
y e a s t  c a s e i n  m ed ium . B ungay (1 9 6 1 )  r e p o r t e d  t h a t  t h e  p r o ­
d u c t i o n  o f  s t a p h y l o k i n a s e  a t  f i r s t  l a g g e d  b e h in d  t h e  g r o w th  
a n d  t h e n  r e a c h e d  maximum i n  a b o u t  s i x  a n d  one h a l f  h o u r s .
B . INACTIVATING AGENTS 
S i n c e  l i v i n g  s t a p h y l o c o c c i  a n d  a c t i v e  t o x i n s  c a n n o t  
be  u s e d  f o r  im m u n i z a t i o n  p u r p o s e s ,  a  c o n s t a n t  s e a r c h  h a s  
b e e n  m ade t o  f i n d  s u i t a b l e  I n a c t i v a t i n g  a g e n t s  f o r  u s e  i n  
t h e  p r e p a r a t i o n  o f  s t a p h y l o c o c c a l  v a c c i n e s .  M ost e a r l i e r
8w o r k e r s  u s e d  h e a t  k i l l e d  p r e p a r a t i o n s *  D ow nle  ( 1 9 3 7 )  r e ­
p o r t e d  t h a t  r a b b i t s  im m u n iz e d  w i t h  f o r m a l i n i z e d  v a c c i n e s  
d e v e l o p e d  s m a l l e r  l e s i o n s  t h a n  t h o s e  im m u n iz e d  w i t h  h e a t  
t r e a t e d  v a c c i n e s  f o l l o w i n g  c h a l l e n g e  w i t h  S .  a u r e u s  c u l ­
t u r e s .  F o r s s m a n  (1 9 3 8 )  m a i n t a i n e d  t h a t  b o t h  l i v e  a n d  f o r ­
m a l i n  k i l l e d  v a c c i n e s  p r o t e c t e d  r a b b i t s  a g a i n s t  a  l e t h a l  
c h a l l e n g e  d o s e .  H e a t  k i l l e d  v a c c i n e s  w e re  u s e l e s s .  R ig d o n  
( 1 9 3 7 )  r e p o r t e d  t h a t  t h e  h e a t  k i l l e d  v a c c i n e s  w e re  d i s a p ­
p o i n t i n g  f o r  t h e r a p e u t i c  p u r p o s e s .  T h e s e  a n d  o t h e r  r e s u l t s  
d i s f a v o r i n g  h e a t  i n a c t i v a t e d  v a c c i n e s  a r e  s u p p o r t e d  b y  
r e c e n t  s e r o l o g i c a l  s t u d i e s  o f  C e d in g  (1 9 5 3 )  a n d  H a u k e n e s  
a n d  O e d in g  ( i 9 6 0 ) .  T h e i r  s t u d i e s  i n d i c a t e  t h a t  S .  a u r e u s  
p o s s e s s e s  b o t h  h e a t  s t a b l e  a n d  h e a t  l a b i l e  a n t i g e n s .  D u r ­
i n g  t h e  p r o c e s s  o f  h e a t  t r e a t m e n t ,  h e a t  l a b i l e  a n t i g e n s  may 
becom e d e n a t u r e d  a n d  l o s e  t h e i r  a n t i g e n i c  p r o p e r t i e s .
Some w o r k e r s  h a v e  u s e d  d i s r u p t e d  l i v e  c e l l  v a c c i n e s .  
C ohen  e t  a l .  ( 1 9 5 8 )  a n d  S tam p  (1 9 6 1 )  t r e a t e d  l i v e  c e l l s  o f  
S. a u r e u s  u l t r a - s o n i c a l l y  f o r  u s e  i n  i m m u n i z a t i o n  s t u d i e s  
i n  r a b b i t s . T h ey  a l s o  d i s r u p t e d  c e l l s  i n  a  b a l l  m i l l  o r  
b y  a  s i m p l e  s h a k i n g  d e v i c e .  G-engou ( 1 9 3 2 ) ,  Holm  e t  a l .  
( 1 9 3 6 a ,  b ) ,  a n d  B o g e r  e t  a l .  ( i 9 6 0 )  u s e d  f i l t e r e d  p h a g e  
l y s e d  v a c c i n e s .  G r e e n b e r g  a n d  c o - w o r k e r s  ( I 9 6 0 ,  1 9 6 1 )  
t e s t e d  p h e n o l y s e d  h e a t  k i l l e d  c e l l s  a f t e r  l y s i n g  w i t h  d o r -  
n a s e  e n z y m e .  R a b b i t s  v a c c i n a t e d  w i t h  t h e s e  p r e p a r a t i o n s  
w e r e  f o u n d  t o  h a v e  a n  i n c r e a s e d  r e s i s t a n c e  t o  c h a l l e n g e  
d o s e s  o f  3 .  a u r e u s .
B u r n e t  ( 1 9 2 9 )  r e p o r t e d  t h e  i n a c t i v a t i o n  o f  s t a p h y l o -
9o o o o a l  t o x i n s  w i t h  f o r m a l d e h y d e .  B u r n e t  a n d  F re e m a n  (1 9 3 2 )  
f o u n d  t h a t  t h e  r a t e  o f  d e t o x i f i c a t i o n ,  w i t h i n  w id e  l i l a l t s ,  
w as p r o p o r t i o n a l  t o  t h e  am oun t o f  f o r m a ld e h y d e  u s e d .  K I to l l ­
i n g  a n d  F a r r e l l  (1 9 3 8 )  u s e d  0 . 5  t o  1% f o r m a l i n  and  fo u n d  
c o m p le te  d e t o x i f i c a t i o n  i n  21+ h o u r s  a t  37 C. They  c l a im e d  
t h a t  r a p i d  d e t o x i f i c a t i o n  l e d  t o  l e s s  d r o p  i n  a n t i g e n i c  
p o t e n c y .  W i l s o n  (1 9 3 9 )  r e p o r t e d  t h a t  a t  a  g i v e n  t e m p e r a ­
t u r e  t h e r e  was an  op tim um  i n c u b a t i o n  p e r i o d  t o  d e t o x i f y  t h e  
t o x i n  c o m p l e t e l y  w i t h  a  m in im a l  l o s s  o f  a n t i g e n i c  p r o p e r t i e s .
A p a r t  f ro m  f o r m a l d e h y d e ,  o t h e r  m eans o f  d e t o x i f i c a ­
t i o n  h a v e  o c c a s i o n a l l y  b e e n  e m p lo y e d .  L i  (1 9 3 6 )  d i s c o v e r e d  
t h a t  p h o to d y n a m ic  I n a c t i v a t i o n  by  m e t h y l e n e  b l u e  p r o d u c e d  a  
t o x o i d  w h ic h  was a s  e f f e c t i v e  a s  f o r m a l i z e d  t o x o i d .  P a r -  
f e n t j e v  e t  a l .  (191+1) a d v o c a t e d  t h e  u s e  o f  t o x o i d s  p r e p a r e d  
b y  m eans o f  p e p t i c  d i g e s t i o n .  T h i s  was r e p o r t e d  t o  be l e s s  
I r r i t a t i n g  t h a n  t h e  f o r m o l  t o x o i d .  Ramon a n d  R ic h o u  (1 9 6 3 )  
t r e a t e d  t o x i n  w i t h  10% p a p a i n  s o l u t i o n  f o r  s i x  h o u r s  a t  
l+5> C and  c o n c l u d e d  t h a t  p a p a i n  t r e a t e d  t o x o i d  h a d  p r o d u c e d  
n e a r l y  a s  s t r o n g  im m u n i ty  i n  r a b b i t s  a s  u n t r e a t e d  t o x o i d s .  
O r l a n s  a n d  J o n e s  ( I9 i?8 )  r e p o r t e d  t h a t  t h e  l e v e l  o f  b e t a  
a n t i t o x i n  i n  t h e  b l o o d  se ru m  o f  r a b b i t s  Im m unized  w i t h  b e t a -  
p r o p i o l a c t o n e  (BPL) t r e a t e d  t o x o i d  was much h i g h e r  t h a n  t h e  
l e v e l s  o b t a i n e d  w i t h  f o r m a l i n i z e d  t o x o i d .  I t  was a l s o  n o t e d  
t h a t  t h e  p r e c i p i t a t i o n  l i n e s  u s i n g  g e l  d i f f u s i o n  t e c h n i q u e  
w e re  m ore  c l e a r  a n d  a p p e a r e d  s o o n e r  w i t h  BPL t r e a t e d  t o x ­
o i d .  F l a m in g  ( I 9 6 0 ,  1 9 6 2 )  c o m p a red  t h e  t o x o i d i n g  a c t i o n  o f  
f o r m a l i n  an d  BPL on  t h e  b a s i s  o f  a n t i t o x i n  r e s p o n s e  I n
-  > 
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iram uniaed  cows and  r a b b i t s  an d  c o n c lu d e d  t h a t  t h e  BPL 
t r e a t e d  t o x o i d  was more a c t i v e  I n  s t i m u l a t i n g  b o t h  a l p h a  
an d  b e t a  a n t i t o x i n  p r o d u c t i o n .  He t h o u g h t  t h a t  f o r m a l i n ,  
p a r t i c u l a r l y  i n  h i g h e r  c o n c e n t r a t i o n s ,  dam ages t h e  a n t i g e n ­
i c i t y  o f  t h e  t o x i n .
Much l e s s  a t t e n t i o n  h a s  b e a n  p a i d  t o  t h e  d e t o x i f i ­
c a t i o n  o f  t o x i n s  o t h e r  t h a n  a l p h a  and  b e t a  h e m o l y s i n s .  
G engou (1 9 3 3 )  fo u n d  0 . 3 #  f o r m a ld e h y d e  a t  37 C l e d  t o  com­
p l e t e  I n a c t i v a t i o n  o f  c o a g u l a s e  enzyme w i t h i n  lj.8 h o u r s .  
W a lk e r  e t  a l .  (1914-7) u s e d  t r y p s i n  and p e p s i n  enzym es f o r  
c o a g u l a s e  i n a c t i v a t i o n .  H a r r i s o n  (1 9 6 3 )  i n a c t i v a t e d  c o ag u ­
l a s e  w i t h  i o d i n e  o r  BPL. The r e a g e n t s  n e e d e d  w ere  i n  p r o ­
p o r t i o n  t o  t h e  p r o t e i n  c o n t e n t  o f  t h e  sa m p le  r a t h e r  t h a n  
i t s  s p e c i f i c  a c t i v i t y .
C. IMMUNE AND ANTIBODY RESPONSE 
SO S .  AUREUS ANTIGENS
1 .  A n t i b o d i e s  i n  n o n - im m u n iz e d  a n i m a l s .  F o r  c o n ­
t r o l l e d  im m u n o lo g ic a l  s t u d i e s  o f  v a r i o u s  s t a p h y l o c o c c a l  
v a c c i n e s ,  t h e  l e v e l  o f  n o rm a l  a n t i b o d i e s  among t h e  e x p e r i ­
m e n t a l  a n im a l s  s h o u ld  be e s t a b l i s h e d .  Numerous r e p o r t s  
i n d i c a t e  t h a t  S .  a u r e u s  a n t i b o d i e s  may be p r e s e n t  i n  th e  
b lo o d  o f  a n im a l s  due t o  n a t u r a l  e x p o s u r e  t o  S .  a u r e u s  i n ­
f e c t i o n s .  The a g g l u t i n i n  and  t h e  a l p h a  a n t i t o x i n s  a r e  th e  
two t y p e s  o f  a n t i b o d i e s  w h ic h  h av e  b e en  i n v e s t i g a t e d  t o  th e  
g r e a t e s t  e x t e n t .  A g g l u t i n a t i n g  a n t i b o d i e s  a g a i n s t  c o a g u ­
l a s e  p o s i t i v e  s t a p h y l o c o c c i  h a v e  b e e n  r e p o r t e d  i n  t h e  s e r a
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o f  n o n - I m m u n iz e d  r a b b i t s  (Ramon, R i c h o u ,  and  D j o u r i c h i t c h ,  
1 9 3 6 b ;  Van Loghem, 1 9 l |6 ;  P l l l e t  and  O r t a ,  1 9 5 2 ;  Cohen e t  a l . ,  
1 9 6 1 ;  O e d i n g ,  I 9 6 0 ;  and  B o g e r  e t  a l . ,  I 9 6 0 ) ,  m ic e  (Cohen  
e t  a l . ,  1963) ,  g u i n e a  p i g s  (Ramon, R i c h o u ,  and  D j o u r i c h i t c h ,  
1 9 3 6 a ) ,  and  human b e i n g s  ( B o g e r  e t  a l . ,  I 9 6 0 ;  J e n s e n ,  1958 
a n d  o t h e r s ) .  B o g e r  e t  a l . ,  ( I 9 6 0 )  e m p lo y e d  a  m o d i f i e d  a g ­
g l u t i n a t i n g  t e c h n i q u e  i n  t h e  f l u i d  medium and d e m o n s t r a t e d  
a g g l u t i n a t i n g  a n t i b o d i e s  i n  t h e  b l o o d  s e r a  o f  n o r m a l  a n i m a l s  
b e l o n g i n g  t o  a  n u m b er  o f  s p e c i e s  i n c l u d i n g  t h e  cow, s h e e p ,  
g o a t ,  and  h o r s e .  R o u n t r e e  and  B a r b o u r  (1 9 5 2 )  f o u n d  hem ag-  
g l u t i n a t i n g  a n t i b o d i e s  i n  t h e  s e r a  o f  n o n - i m m u n i z e d  human 
b e i n g s  t o  t h e  e r y t h r o c y t e  c o a t i n g  s u b s t a n c e  ( p r o b a b l y  a  
p o l y s a c c h a r i d e )  p r e s e n t  i n  t h e  p a t h o g e n i c  s t a p h y l o c o c c i .  
R e c e n t l y ,  o t h e r  t y p e s  o f  a n t i b o d i e s  v i z .  a n t i b o d i e s  d e t e c ­
t e d  by f l u o r e s c e n t  t e c h n i q u e  a nd  p r e c i p i t a t i n g  a n t i b o d i e s  
i n  r a b b i t s  (Cohen e t  a l . ,  196 1 )  and  p r e c i p i t a t i n g  ( J e n s e n ,  
1958 and F i n k e l s t e i n  and  S u l k i n ,  1 9 5 8 ) ,  p r o t e c t i n g  ( F i s h e r ,  
1 9 5 9 )  a n d  i n c o m p l e t e  a n t i b o d i e s  ( N e t e r  and C o r z y n s k i ,  1 9 5 9 )  
i n  human b e i n g s  h a v e  b e en  r e p o r t e d .
The p r e s e n c e  o f  d i f f e r e n t  a n t i t o x i n s  and i n  p a r t i ­
c u l a r  t h e  a l p h a  a n t i t o x i n  i n  t h e  b l o o d  s e r u m  o f  human b e i n g s  
h a s  d raw n  much a t t e n t i o n  and  h a s  e x t e n s i v e l y  b e en  d e a l t  w i t h  
by E l e k  ( 1 9 5 9 ) .  An i n t e r n a t i o n a l  s t a n d a r d  f o r  a l p h a  a n t i ­
t o x i n  was e s t a b l i s h e d  by S m i t h  and  I p s i n  i n  1 9 3 8 .  T h i s  
r e d u c e d  t h e  d i s c r e p a n c i e s  t h a t  had  b e e n  r e p o r t e d  i n  a l p h a  
a n t i t o x i n  l e v e l s  i n  t h e  b l o o d  o f  humans and  a n i m a l s .  I t  i s  
e s t i m a t e d  t h a t  a b o u t  75$> o f  a l l  a d u l t  humans h a v e  a l p h a
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a n t i t o x i n  t i t e r s  b e tw e e n  0 . 5  and 2 . 0  i n t e r n a t i o n a l  u n i t s  i n  
t h e i r  b l o o d  se rum  ( E l e k ,  1 9 5 9 ) .
T h e re  h a s  b e en  a g r e a t  i n t e r e s t  among v a r i o u s  w o rk ­
e r s  i n  s t u d y i n g  t h e  n o r m a l  a l p j i a  a n t i t o x i n  i n  t h e  b lo o d  
s e r a  o f  d i f f e r e n t  s p e c i e s  o f  a n im a l s  i n c l u d i n g  d a i r y  cow s .  
A n t i t o x i n  i n  t h e  b l o o d  o f  n o n - im m u n ize d  p i g e o n s  ( R ic h o u ,
1 9 3 6 ) ,  r a t s  (B ry c e  and B u r n e t ,  1932;  R i c h o u ,  1 9 3 6 ) ,  g u i n e a  
p i g s  and r a b b i t s  (Ramon e t  a l . ,  1935)»  sh e e p  (Ramon e t  a l . ,  
1935;  M i n n e t ,  1 9 3 7 ,  1939 ;  and F o g g i e ,  1 9 i |8 ) ,  and  g o a t s  
( M i n n e t ,  1937 and D e r b y s h i r e ,  1960a)  h a s  b e en  d e m o n s t r a t e d .  
The l e v e l  o f  n o r m a l  a n t i t o x i n  i n  h o r s e s  and  p i g s  i s  r e p o r ­
t e d  up  t o  15 I . U . ,  i n  g u i n e a  p i g s  up  t o  10 I . U . ,  i n  s h e e p  
up t o  5 I . U . ,  and i n  r a b b i t s  up  t o  2 I . U .  p e r  ml o f  b l o o d  
s e r a .
The n o r m a l  v a l u e s  o f  a l p h a  a n t i t o x i n  i n  th e  b l o o d  
se rum  o f  d a i r y  c a t t l e  h a s  been  i n v e s t i g a t e d  by M in n e t  ( 1 9 3 6 ,
1 9 3 7 ) ,  G w a tk in  ( 1 9 3 7 ) ,  Ramon e t  a l .  ( 1 9 3 5 ,  1 9 5 1 ,  1 9 5 2 a ,  b ,  c 
and 1 9 5 3 ) ,  R ic h o u  and H o l s t e i n  (1 9 l+ la ) ,  R ic h o u  e t  a l .  (191+1, 
1 9 5 2 a ,  b ) ,  M i l l e r  and Heishm an (191+3), L asm a n is  and S p e n c e r  
(1951+), S l a n e t z  e t  a l .  ( 1 9 5 9 ) ,  D e r b y s h i r e  ( 1 9 6 0 a ,  b ) ,  Brown 
( 1 9 6 2 a ,  b ,  1 9 6 3 ) ,  B l o b e l  and  Berman ( 1 9 6 2 ) ,  and S p e n c e r
e t  a l .  (1963) .  I t  i s  e s t i m a t e d  t h a t  t h r e e  o u t  o f  e v e r y  
f o u r  cows show a n t i t o x i n  i n  t h e i r  b lo o d  s e r u m .  Brown ( i 9 6 0 ) ,  
w h i l e  r e v i e w i n g  t h e  work o f  o t h e r  w o r k e r s ,  r e p o r t e d  t h a t  
a b o u t  63/£ o f  t h e  c a t t l e  above t h e  age  o f  two y e a r s  h a d  a t  
l e a s t  one u n i t  o f  a n t i t o x i n  p e r  m l .  An e q u i v a l e n t  v a l u e  
on th e  o t h e r  h a n d  I s  fo u n d  o n l y  i n  a b o u t  20^  o f  t h e  c a t t l e
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b e l o n g i n g  t o  t h e  age  g r o u p  o f  two y e a r s  a n d  u n d e r .  R o u g h l y ,  
a b o u t  2.5% o f  t h e  c a t t l e  b e l o n g i n g  t o  t h e  c a t e g o r y  c o n t a i n  
m ore  t h a n  f o u r  i n t e r n a t i o n a l  u n i t s  o f  a n t i t o x i n ,  w h i l e  o n l y  
a b o u t  2% o f  t h e  y o u n g e r  age  g r o u p  c a r r y  f o u r  u n i t s  o r  m o r e .
Cows w i t h  S .  a u r e u s  i n f e c t i o n  i n  t h e i r  u d d e r s  h a v e  
u s u a l l y  shown h i g h e r  l e v e l  o f  a n t i t o x i n  i n  t h e i r  b l o o d  a nd  
m i l k  whey t h a n  n o n - i n f e c t e d  cow s .  Brown ( i 960) e s t i m a t e d  
t h a t  a b o u t  30% o f  t h e  cows h a v i n g  s t a p h y l o c o c c a l  u d d e r  i n ­
f e c t i o n s  h a d  a t  l e a s t  one i n t e r n a t i o n a l  u n i t  o f  a n t i t o x i n  
a s  o p p o s e d  t o  o n l y  572° o f  t h e  cows w i t h o u t  s u c h  i n f e c t i o n .  
M i n n e t  (1 9 3 7 )  a nd  M i l l e r  a n d  H e ish m an  (191+3) a p p a r e n t l y  
n o t e d  no  a b s o l u t e  c o r r e l a t i o n  o f  t h e  age  o f  cows a n d  t h e  
u d d e r  i n f e c t i o n s  t o  t h e  b l o o d  a n t i t o x i n .  An i n c r e a s e  o f  
b l o o d  s e ru m  a n t i t o x i n  h a s  b e e n  r e p o r t e d  a f t e r  t h e  p a r t u r i ­
t i o n  o f  t h e  cows ( M i n n e t ,  1 9 3 7 ;  E d w ard s  and S m i t h ,  1 9 5 9 ) .  
S u c h  a n  i n c r e a s e  h a s  b e e n  g e n e r a l l y  a t t r i b u t e d  t o  be due  t o  
t h e  c l i n i c a l  i n f e c t i o n s  and  an  I n c r e a s e d  m u l t i p l i c a t i o n  o f  
t h e  S .  a u r e u s  o r g a n i s m s  w i t h i n  t h e  u d d e r  t i s s u e s .  Brown
( I 9 6 0 )  f o u n d  some c o r r e l a t i o n  b e tw e e n  t h e  num ber  o f  q u a r ­
t e r s  i n f e c t e d  a n d  t h e  l e v e l  o f  a n t i t o x i n  i n  t h e  b l o o d .
The p r e s e n c e  o f  a l p h a  a n t i t o x i n  h a s  a l s o  b e e n  i n ­
v e s t i g a t e d  i n  t h e  m J lk  whey o f  cows ( M i n n e t ,  1 9 3 7 ;  M i l l e r  
and  H e i s h m a n ,  19J+3; L a s m a n i s  and  S p e n c e r ,  195U; T h o r n e ,
1 9 5 ^ ;  E d w ards  and  S m i t h ,  1 9 5 9 ;  D e r b y s h i r e ,  1 9 6 0 b ;  and  B1<J- 
b e l  and  Berm an ,  1 9 6 2 ) .  The q u a n t i t y  o f  a n t i t o x i n  i n  whey 
was a l m o s t  a lw a y s  much l e s s  t h a n  i n  b l o o d  s e r u m  o f  s u c h  
a n i m a l s ,  a l t h o u g h  i t  was u s u a l l y  h i g h e r  i n  c o l o s t r u m
u*
( M i n n e t ,  1 9 3 7 ;  M i l l e r  a nd  H e i s b m a n ,  19ij-3; E dw ards  and  S m i t h ,  
1 9 5 9 ;  and  B l o b e l  and  Berman,  1 9 6 2 ) .  The a n t i t o x i n  t i t e r s  
o f  c o l o s t r u m  w ere  fo u n d  t o  d r o p  t o  a  c o n s i d e r a b l e  e x t e n t  
w i t h i n  t h r e e  t o  f o u r  d a y s  a f t e r  p a r t u r i t i o n .  M in n e t  ( 1 9 3 7 )#  
Edwards  and S m i th  (1 9 5 9 )#  a n d  B l o b e l  and Berman (1 9 6 2 )  h a v e  
fo u n d  some d e g r e e  o f  r e l a t i o n s h i p  b e tw e e n  t h e  a n t i t o x i n  
t i t e r s  o f  b l o o d  se ru m  and  t h e  m i l k  whey; t h e  l a t t e r  was 
fo u n d  t o  i n c r e a s e  w i t h  t h e  i n c r e a s e  o f  se ru m  t i t e r s .
The p r e s e n c e  o f  a l p h a  a n t i t o x i n  i n  t h e  b l o o d  o f  new 
b o r n  c a l v e s  h a s  a l s o  b e e n  i n v e s t i g a t e d  by some w o r k e r s .
Ramon e t  a l .  (1 9 51 )  r e p o r t e d  i t  t o  be l o w e r  t h a n  I n  t h e  
b l o o d  s e ru m  o f  t h e i r  m o t h e r s .  Edwards  and S m i t h  (1 9 5 9 )  
and B l o b e l  and  Berman (1 9 6 2 )  fo u n d  no a n t i t o x i n  i n  t h e  
b lo o d  o f  new b o r n  c a l v e s  b e f o r e  t h e y  w ere  a l l o w e d  t o  n u r s e ;  
w i t h i n  two d a y s  o f  n u r s i n g ,  a l l  c a l v e s  d e v e l o p e d  some a n t i ­
t o x i n  I n  t h e i r  b l o o d  w h i c h  was s t i l l  l o w e r  t h a n  t h e  t i t e r s  
o f  t h e i r  m o t h e r s .  The a n t i b o d i e s  p e r s i s t e d  i n  t h e  s e r a  o f  
t h e  c a l v e s  f o r  two t o  f i v e  w e e k s .  The l e v e l  o f  a l p h a  a n t i ­
t o x i n  i n  c a l v e s  was fo u n d  t o  h a v e  some r e l a t i o n  w i t h  t h e  
t i t e r s  o f  t h e  b l o o d  se ru m  and t h e  c o l o s t r u m  o f  t h e i r  m o th ­
e r s .  Ramon e t  a l .  (1 9 5 1 )  r e p o r t e d  t h a t  c a l v e s  a r e  u n a b l e  
t o  s y n t h e s i z e  a n t i b o d i e s  i n  t h e i r  s y s t e m s ,  u n t i l  t h e y  a r e  
a b o u t  f i v e  m o n th s  o l d .  R e c e n t l y ,  T horne  a n d  W al lm ark  (1961)  
o b s e r v e d  much l o w e r  a n t i t o x i n  t i t e r s  i n  t h e  b l o o d  o f  young  
a n i m a l s  upon  i m m u n i z a t i o n  t h a n  i n  o l d e r  a n i m a l s .
B e t a  a n t i t o x i n  I n  t h e  b l o o d ,  m i l k ,  and c o l o s t r u m  o f  
d a i r y  cows h a s  b e e n  d e m o n s t r a t e d  by M in n e t  ( 1 9 3 6 ,  1 9 3 7 ) ,
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Ramon ©t a l .  ( 1 9 5 2 b ) ,  a nd  R ic h o u  e t  a l .  ( 1 9 5 2 a ,  b ) .  The 
o c c u r r e n c e  o f  b e t a  a n t i t o x i n  i n  d a i r y  cows i s  r e p o r t e d  t o  
be a b o u t  10 t o  2 0 % l e s s  t h a n  a l p h a  a n t i t o x i n  (R ic h o u  e t  a l . ,  
1 9 5 2 a  and E d w ard s  and  S m i t h ,  1 9 5 9 ) »  B e t a  a n t i t o x i n  h a s  
a l s o  f o u n d  t o  i n c r e a s e  w i t h  t h e  age  o f  t h e  a n i m a l  and  t h e  
i n f e c t i o n  i n  t h e  u d d e r .  The l e v e l  o f  b e t a  a n t i t o x i n  i s  
f o u n d  h i g h e r  i n  c o l o s t r u m  t h a n  i n  t h e  b l o o d  w h i c h  t h e n  
d r o p s  g r a d u a l l y  a f t e r  p a r t u r i t i o n .
The o c c u r r e n c e  o f  a n t i b o d i e s  a g a i n s t  o t h e r  d i f f u s i b l e  
p r o d u c t s  o f  S .  a u r e u s  h a s  r a r e l y  b e e n  i n v e s t i g a t e d  i n  t h e  
n o n - im m u n iz e d  a n i m a l s .  G ro s s  ( 1 9 3 3 )  o b s e r v e d  t h a t  s u b s t a n c e s ,  
p r e s u m a b l y  a n t i b o d i e s  i n  n a t u r e ,  i n h i b i t i n g  c o a g u l a s e  w ere  
d e m o n s t r a b l e  i n  a  p r o p o r t i o n  o f  human s e r a ,  e s p e c i a l l y  f rom  
p a t i e n t s  s u f f e r i n g  f r o m  c h r o n i c  s t a p h y l o c o c c a l  i n f e c t i o n s .  
L o m in s k i  and  R o b e r t s  (1 9 ^ 6 )  f o u n d  t h a t  a n t i b o d i e s  t o  c o a g u ­
l a s e  were  more  common i n  t h e  se ru m  o f  h e a l t h y  s u b j e c t s  t h a n  
i n  t h e  p a t i e n t s  w i t h  m a j o r  s t a p h y l o c o c c a l  i n f e c t i o n s .  Ra-  
melkemp e t  a l .  ( 1 9 5 0 )  d e m o n s t r a t e d  a n t i b o d i e s  a g a i n s t  t h r e e  
d i f f e r e n t  t y p e s  o f  c o a g u l a s e  a n t i g e n s  i n  t h e  n o r m a l  human 
b e i n g s .  H o w e l l  (195U-) r e p o r t e d  t h e  p r e s e n c e  o f  a n t i h y a l u -  
r o n i d a s e  i n  t h e  se rum  o f  d a i r y  cow s.
2 ,  Immune and  a n t i b o d y  r e s p o n s e  t o  t h e  v a c c i n e s .
The a n t i b o d y  t i t e r s  a g a i n s t  c e l l u l a r  and  d i f f u s i b l e  a n t i g e n s  
o f  S_j_ a u r e u s  f r e q u e n t l y  i n c r e a s e  c o n s i d e r a b l y  i n  r e s p o n s e  
t o  a r t i f i c i a l  i m m u n i z a t i o n .  S u c h  a c t i v e l y  p r o d u c e d  a n t i ­
b o d i e s  u s u a l l y  i n c r e a s e  r e s i s t a n c e  a g a i n s t  n a t u r a l  and 
e x p e r i m e n t a l  i n f e c t i o n s .  U n l i k e  m o s t  o t h e r  m i c r o o r g a i n s m s ,
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S .  a u r e u s  p o s s e s s e s  b o t h  I n v a s i v e  as  w e l l  a s  t o x i g e n i c  
p r o p e r t i e s  t o  s p r e a d  and  e s t a b l i s h  I t s  i n f e c t i o n  i n  t h e  
h o s t  t i s s u e s .
F o r  p r o p h y l a c t i c  and t h e r a p e u t i c  p u r p o s e s  v a r i o u s  
S .  a u r e u s  v a c c i n e s  h a v i n g  c e l l u l a r  a n d / o r  d i f f u s i b l e  a n t i ­
g e n s  have  b e e n  t r i e d  i n  d i f f e r e n t  s p e c i e s  o f  a n im a l s  w i t h  
v a r i a b l e  r e s u l t s .  A l t h o u g h  f rom  an  i m m u n o l o g ic a l  p o i n t  o f  
v i e w  any v a c c i n e  c o n s i s t i n g  o f  l i v i n g  u n m o d i f i e d  c e l l s  
w o u ld  be i d e a l ,  s u c h  a v a c c i n e  c a n n o t  be u s e d  f o r  I t s  o b ­
v i o u s  d i s a d v a n t a g e s .  D e r b y s h i r e  (1961b)  u s e d  l i v e  S_. a u r e u s  
v a c c i n e  t o  immunize g o a t s  w i t h  some s u c c e s s .  B r o d i e  e t  a l .  
( 1 9 5 8 )  u s e d  l i v i n g  a t t e n u a t e d  c e l l  v a c c i n e  i n  r a b b i t s  and  
c l a i m e d  t o  h a v e  p r o t e c t e d  them a g a i n s t  a  l e t h a l  d o se  o f  
v i r u l e n t  S .  a u r e u s  c u l t u r e .  F o r  p r o d u c i n g  h y p e r s e n s i t i v i t y  
i n  r a b b i t s ,  P a n t o n  and V a l e n t i n e  (1 9 2 9 )  and  J o h a n o v s k y  
(1 9 5 8 b )  u s e d  s m a l l  d o s e s  o f  l i v e  o r g a n i s m s .
N o r m a l l y ,  m i c r o o r g a n i s m s  i n a c t i v a t e d  by some p h y s i ­
c a l  o r  c h e m i c a l  means a r e  u s e d  f o r  i m m u n i z a t i o n .  The v a c ­
c i n e  may c o n t a i n  i n t a c t  whole  c e l l s  o r  d i s r u p t e d  c e l l s ,  
t h e r e b y  l i b e r a t i n g  t h e  s o m a t i c  a n t i g e n s  I n t o  t h e  f l u i d  
medium. So f a r ,  l i t t l e  I s  known a b o u t  t h e  im m u n iz in g  p r o ­
p e r t i e s  o f  t h e  v a c c i n e s  p r e p a r e d  f ro m  d i s r u p t e d  c e l l s ,  
a l t h o u g h  G r e e n b e r g  and  Cooper  ( i 9 6 0 )  and S t a m p ( l 9 6 l )  c l a i m e d  
t o  h a v e  o b t a i n e d  a h i g h  immune r e s p o n s e  w i t h  s u c h  v a c c i n e s .
a .  Immune and a n t i b o d y  r e s p o n s e  i n  r a b b i t s  and 
m i c e .  T h e r e  h a s  b e e n  a g r e a t  d i f f e r e n c e  o f  o p i n i o n s  a b o u t  
t h e  e f f i c a c y  o f  t h e  b a c t e r i a l  and  t o x o i d  v a c c i n e s .  F o r s s -  
man (1 9 38 )  was a b l e  t o  p r o t e c t  r a b b i t s  a g a i n s t  a  l e t h a l
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d o s e  o f  v i r u l e n t  c u l t u r e  a f t e r  i m m u n i z i n g  t h e m  w i t h  a  f o r -  
m a l i n i z e d  w h o l e  c e l l  v a c c i n e .  He f o u n d  t h a t  s u c h  a n i m a l s  
d i d  n o t  h a v e  h e m o l y s i n s  i n  t h e i r  b l o o d  s e r u m  a n d  t h e  p r o t e c ­
t i o n  was a f f o r d e d  b y  a n t i b a c t e r i a l  s u b s t a n c e s .  G r e e n b e r g  
a n d  C o o p e r  ( I 9 6 0 )  a n d  S ta m p  ( 1 9 6 1 )  r e c e n t l y  r e p o r t e d  f u r ­
t h e r  e v i d e n c e  i n  s u p p o r t  o f  t h e  a n t i b a c t e r i a l  i m m u n i t y  on  
t h e  b a s i s  o f  t h e i r  w o rk  i n  r a b b i t s .  K o e n i g  e t  a l .  ( 1 9 6 2 )  
c l e a r l y  d i f f e r e n t i a t e d  t h e  a n t i t o x i c  a n d  a n t i b a c t e r i a l  
i m m u n i t y .  I n  t h e i r  e x p e r i m e n t s ,  m i c e  im m u n i z e d  w i t h  t o x o i d  
w e r e  p r o t e c t e d  t o  a  l e t h a l  d o s e  o f  a l p h a  h e m o l y s i n  b u t  
s u c c u m b e d  t o  s u c h  a  d o s e  o f  l i v i n g  e o c c i .  On t h e  o t h e r  
h a n d ,  i m m u n i z a t i o n  w i t h  a  k i l l e d  c e l l  v a c c i n e  c o u l d  n o t  
p r o t e c t  t h e  m i c e  a g a i n s t  a  l e t h a l  d o s e  o f  a l p h a  h e m o l y s i n ;  
a  l e t h a l  d o s e  o f  l i v i n g  s t a p h y l o c o c c i  h a d  n o  i l l  e f f e c t  on  
s u c h  m i c e .
M o s t  w o r k e r s  d u r i n g  t h e  1 9 3 0 ' s  s t r e s s e d  t h e  t h e r a ­
p e u t i c  a n d  p r o p h y l a c t i c  v a l u e s  o f  t o x o i d s .  B u r n e t  ( 1 9 2 9 ) »  
K i t c h i n g  a n d  F a r r e l l  ( 1 9 3 6 ) ,  F r a n c o  ( 1 9 3 6 ) ,  a n d  B o lm an
( 1 9 3 7 )  r e p o r t e d  t h a t  a n t i t o x i c  i m m u n i t y  d e v e l o p e d  a c t i v e l y  
o r  t r a n s f e r r e d  p a s s i v e l y  i n t o  t h e  r a b b i t s  sh o w e d  c o n s i d e r ­
a b l e  r e s i s t a n c e  o r  i n c r e a s e d  s u r v i v a l  t i m e  a g a i n s t  a  l e t h a l  
d o s e  o f  s t a p h y l o c o c c i .  The r e s i s t a n c e  was  f o u n d  l a r g e l y  on  
t h e  p r o v o c a t i o n  o f  a n  a d e q u a t e  t i t e r  o f  s p e c i f i c  c i r c u l a t i n g  
a n t i t o x i n s .  O t h e r s  ( C o n n e r  a n d  M c K ie ,  1 9 3 3 )  h a v e  f o u n d  no  
r e l a t i o n  b e t w e e n  t h e  a n t i h e m o l y t i c  t i t e r s  a n d  t h e  p r o l o n g e d  
s u r v i v a l  t i m e  a g a i n s t  a  c h a l l e n g e  d o s e .  A n i m a l s  s h o w i n g  
c i r c u l a t i n g  a n t i t o x i n s  w e r e  s a i d  t o  h a v e  d e v e l o p e d  f e w e r
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l e s i o n s  and  showed g r e a t e r  r e s i s t a n c e  t o  b a c t e r e m i a  (G engou ,  
193 2 ;  F r a n c o ,  1 9 3 8 ;  an d  D o w n ie ,  1937)  t h a n  c o n t r o l  a n i m a l s .  
R a b b i t s  im m unized  w i t h  f o r m a l i n i z e d  c u l t u r e  f i l t r a t e s  showed 
more a c t i v e  p h a g o c y t o s i s  t h a n  c o n t r o l  r a b b i t s  (D ow nie ,  193 7 )*  
A c c o r d i n g  t o  F r a n c o  ( 1 9 3 8 ) ,  i n  a d d i t i o n  t o  t h e  d e v e l o p m e n t  
o f  a n t i t o x i n  i n  t h e  b l o o d  s e r u m ,  a  l e s s e r  am ount  o f  a g g l u ­
t i n i n s  was a l s o  s y n t h e s i z e d  on t o x o i d  v a c c i n a t i o n .  The 
p r o t e c t i n g  v a l u e  o f  a g g l u t i n i n s  and  o t h e r  a n t i b a c t e r i a l  
s u b s t a n c e s  was c o n s i d e r e d  d o u b t f u l  by K i t c h i n g  and F a r r e l l
( 1 9 3 8 ) ,  P a r i s h  and  Cannon ( I 9 6 0 )  c o n s i d e r e d  t h a t  a n t i t o x i c  
im m u n i ty  was o n l y  one a s p e c t  o f  t h e  c o n t r o l  o f  b a c t e r i a l  
i n f e c t i o n s .  A n t i t o x i n  i t s e l f  was u n a b l e  t o  d i s p o s e  o f  t h e  
i n v a d i n g  o r g a n i s m s ;  i t  s i m p l y  a f f o r d e d  a t e m p o r a r y  r e c o v e r y  
by  a b s c e s s  f o r m a t i o n  i n  t h e  v a r i o u s  o r g a n s .  P a r e n t e r a l  
i n j e c t i o n s  o f  a n t i t o x i n  i n t o  n o n - im m u n iz e d  m ic e  h a v e  a l s o  
c o n f e r r e d  im m u n i ty  a g a i n s t  a l e t h a l  d o se  o f  hom ologous  
( F a r r e l l  and K i t c h i n g ,  191+0) o r  h e t e r o l o g o u s  s t r a i n s  ( F r a p -  
p i e r  and  S o n i a ,  1 9 5 6 ) .
b . Immune a n d a n t i b o d y  r e s p o n s e  i n  s h e e p  and g o a t s . 
A l t a r a  (1 9 3 3 )  p r o b a b l y  t h e  f i r s t  t o  a t t e m p t  t o  c u r e
s h e e p  s u f f e r i n g  f r o m  g a n g r e n o u s  m a s t i t i s  and  p u s t u l a r  de rm a­
t i t i s  o f  t h e  mammary g l a n d s .  The a u t h o r  r e p o r t e d  a  d e f i n i t e  
im p ro v e m e n t  o f  t h e  c a s e s  a f t e r  t h e  s e c o n d  i n j e c t i o n  o f  a 
p o l y v a l e n t  v a c c i n e .  Im p ro v e m e n t  o c c u r r e d  w i t h i n  s e v e n  o r  
e i g h t  d a y s  a f t e r  t h e  f i r s t  i n j e c t i o n .  F o r  t h e r a p e u t i c  
p u r p o s e s  i n  s h e e p  m a s t i t i s ,  M in n e t  (1 9 3 9 )  recommended two 
t o x o i d  i n j e c t i o n s  o f  5 rol ©ach a t  an i n t e r v a l  o f  a b o u t  t h r e e
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w e e k s .  L o c a l  e f f e c t s  c o u l d  be p r e v e n t e d  by  in t ram am m ary  
i n j e c t i o n s  o f  t o x o i d s ;  s u b c u t a n e o u s  i n j e c t i o n s  w e r e ,  h o w e v e r ,  
more b e n e f i c i a l  f o r  s y s t e m i c  r e a c t i o n s .  Alum p r e c i p i t a t e d  
t o x o i d s  w ere  f o u n d  s u p e r i o r  t o  p l a i n  t o x o i d s  and p r o t e c t e d  
sh e e p  f o r  a t  l e a s t  t h r e e  m o n th s .  An a v e r a g e  l e v e l  o f  8 t o  
2ij. u n i t s  o f  a n t i t o x i n  a d e q u a t e l y  p r o t e c t e d  s h e e p  f rom  any 
i l l  e f f e c t .  McLay e t  a l .  ( 1 9 ^ 6 ) ,  on t h e  o t h e r  h a n d ,  r e p o r ­
t e d  t h a t  i n  s h e e p  v a c c i n a t e d  w i t h  t o x o i d ,  t h e r e  was no 
im pro v e m e n t  i n  e x p e r i m e n t a l l y  p r o d u c e d  m a s t i t i s .  The t r e a t ­
m en t  w i t h  t o x o i d ,  h o w e v e r ,  was s t a r t e d  a f t e r  t h e  c l i n i c a l  
symptoms were  v i s i b l e .
A t t e m p t s  h a v e  b een  made t o  p r o t e c t  s h e e p  and  g o a t s  
a g a i n s t  s t a p h y l o c o c c a l  i n f e c t i o n s  p r o p h y l a c t i c a l l y  by means 
o f  s t a p h y l o c o c c a l  v a c c i n e s .  F o g g i e  ( 19U-3) u s e d  t o x o i d  
w h ic h  r e d u c e d  t h e  i n c i d e n c e  o f  t i c k  p y e m ia  i n  s h e e p  b u t  
was n o t  s a t i s f a c t o r y  f o r  t h e  t r e a t m e n t  o f  a f f e c t e d  l a m b s .  
F o g g ie  (19 i |8 )  i n  h i s  s u b s e q u e n t  s t u d i e s  immunized ewes w i t h  
t o x o i d  p r i o r  t o  l a m b i n g .  T h i s  p r o d u c e d  a h i g h  d e g r e e  o f  
a n t i t o x i n s  i n  t h e  v a c c i n a t e d  a n i m a l s .  The p a s s i v e  im m uni ty  
c o n f e r r e d  upon  t h e  lam bs f ro m  t h e i r  m o th e r s  d e c l i n e d  s t e a d ­
i l y  f ro m  t h e  f i r s t  week o f  b i r t h  and was u n a b l e  t o  p r o t e c t  
them  f rom  n a t u r a l  o r  a r t i f i c i a l  i n f e c t i o n s .  The p r o d u c t i o n  
o f  a n t i t o x i n  i n  r e s p o n s e  t o  t o x o i d  d i d  n o t  o c c u r  b e f o r e  t h e  
age  o f  25  d a y s .  S p e n c e r  e t  a l .  (1956)  r e p o r t e d  t h a t  s i x  
sh e e p  v a c c i n a t e d  w i t h  a d r i e d  f o r m a l i n i z e d  c u l t u r e  s u s p e n ­
ded i n  10% a q u eo u s  a luminum h y d r o x i d e  c o u l d  n o t  be p r o t e c t e d  
a g a i n s t  an in t ram am raary  c h a l l e n g e  d o se  o f  o r g a n i s m s .  T h e re
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was not h i g h  a n t i t o x i n  p r o d u c t i o n  i n  a n y  o f  t h e s e  s h e e p .
P i l l e t  e t  a l .  ( 1 9 5 9 a ,  b)  im m u n ized  s h e e p  w i t h  a 
b a c t e r i n - t o x o i d  v i a  t h e  t e a t  c a n a l  w h i c h  showed a c o n s i d e r ­
a b l e  r e s i s t a n c e  t o  a  c h a l l e n g e  d o s e  two t o  t h r e e  weeks  
l a t e r .  The p r o t e c t i o n  s i g n i f i c a n t l y  d e c r e a s e d  i n  a b o u t  a 
m o n t h ' s  t im e  and  d i s a p p e a r e d  i n  J+8 d a y s .  i ' o r  a  good  p r o ­
t e c t i o n  a t  l e a s t  t h r e e  t o  f o u r  i n j e c t i o n s  a r e  n e e d e d ;  t h e  
l a s t  one  o r  two c o u l d  be g i v e n  i n t r a m u s c u l a r l y .  Plommet and  
G a l l  ( 1 9 6 3 a )  im m u n ize d  d i f f e r e n t  g r o u p s  o f  s h e e p  w i t h  v a r i o u s  
t y p e s  o f  v a c c i n e s  e m p l o y i n g  one  o r  more s u c c e s s i v e  i n j e c t i o n s  
by l o c a l  o r  p a r e n t e r a l  r o u t e s .  P a r e n t e r a l  i n j e c t i o n s  s t i m ­
u l a t e d  h i g h e r  a n t i t o x i n  t h a n  t h e  l o c a l  i n j e c t i o n s  b o t h  i n  
t h e  b l o o d  and  t h e  whey o f  t h e  m i l k .  A l l  a n i m a l s  became i n ­
f e c t e d  when c h a l l e n g e d  w i t h  8 t o  60 v i r u l e n t  o r g a n i s m s  
t h r o u g h  t h e  t e a t  c a n a l .  I t  was r e p o r t e d  t h a t  Im m u n i ty  i s  
r e l a t e d  t o  a n t i t o x i n  c o n t e n t  w h i c h  r e d u c e d  t h e  s e v e r i t y  o f  
I n f e c t i o n .  T h e r e  was no d i f f e r e n c e  i n  t h e  d e g r e e  o f  r e s i s ­
t a n c e  shown by p a r e n t e r a l  o r  l o c a l  r o u t e s  o f  i n j e c t i o n s .  I n  
a n o t h e r  e x p e r i m e n t  Plommet  a n d  G a l l  (1963b) v a c c i n a t e d  two 
g r o u p s  o f  2lj_ s h e e p  w i t h  f o u r  l o c a l  a n d  one p a r e n t e r a l  b o o s ­
t e r  i n j e c t i o n .  E a c h  g r o u p  r e c e i v e d  i n j e c t i o n s  o f  b a c t e r i n -  
t o x o i d  p r e p a r e d  f r o m  a d i f f e r e n t  s t r a i n .  One s t r a i n  was 
a l p h a  b e t a  p r o d u c e r  and  t h e  o t h e r  a l p h a  b e t a  d e l t a  t o x i n  
p r o d u c e r .  None o f  t h e  s h e e p  showed a  d i f f e r e n c e  i n  r e s i s ­
t a n c e  a g a i n s t  t h e  c h a l l e n g e  o r g a n i s m .  T h e r e  was a l s o  no 
d i f f e r e n c e  i n  t h e  immune r e s p o n s e  o f  t h e  two g r o u p s  p r o v i n g  
t h a t  d e l t a  t o x i n  d o e s  n o t  p l a y  any  i m p o r t a n t  r o l e  i n  t h e
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v i r u l e n c e  o f  s t a p h y l o c o c c i  i n  e w e s .
D e r b y s h i r e  ( I 9 6 0 * )  c o m p a re d  d i f f e r e n t - t y p e s  o f  v a c ­
c i n e s  an d  c o n c l u d e d  t h a t  f o r m a l i n ! z e d  c e l l  t o x o i d  w i t h  
a lum inum  h y d r o x i d e  g e l  s t i m u l a t e d  h i g h e s t  a n t i b o d y  p r o d u c ­
t i o n  w h i c h  was a l s o  m a i n t a i n e d  f o r  a l o n g e r  d u r a t i o n  t h a n  
was t h e  c a s e  a f t e r  i n j e c t i o n  o f  v a c c i n e s  w i t h o u t  a d j u v a n t s .  
A d j u v a n t  c e l l  t o x o i d  c o n f e r r e d  a h i g h  d e g r e e  o f  r e s i s t a n c e  
a g a i n s t  a  m a s s i v e  c h a l l e n g e  d o s e  o f  t h e  h o m o lo g o u s  s t r a i n  
by  in t r a m a m m a ry  r o u t e .  D e r b y s h i r e  ( 1 9 6 1 a )  o b s e r v e d  t h a t  
s u c h  g o a t s  a l s o  show ed  p r o t e c t i o n  a g a i n s t  t h e  c h a l l e n g e  
d o s e  o f  one  h e t e r o l o g o u s  s t r a i n  b u t  n o t  a g a i n s t  t h r e e  o t h e r  
h e t e r o l o g o u s  s t r a i n s .  The r e a c t i o n  a g a i n s t  t h e s e  t h r e e  
h e t e r o l o g o u s  s t r a i n s  was f a r  l e s s  s e v e r e  t h a n  i n  n o n -  
i ram unized  g o a t s ,  w h ic h  s u f f e r e d  f r o m  a s e v e r e  g m g r e n o u s  
m a s t i t i s .  G o a t s  v a c c i n a t e d  w i t h  t h e  a d j u v a n t  c e l l  t o x o i d  
o f  s t r a i n  BB showed no  p r o t e c t i o n  when c h a l l e n g e d  w i t h  t h e  
h o m o lo g o u s  s t r a i n .  The b l o o d  s e ru m  f ro m  g o a t s  v a c c i n a t e d  
w i t h  s t r a i n  B B , when t r a n s f e r r e d  p a r e n t e r a l l y  t o  a  g r o u p  
o f  m i c e ,  c o u l d  n o t  p r o t e c t  s u c h  m ic e  a g a i n s t  t h e  c h a l l e n g e  
d o s e  o f  t h i s  s t r a i n ;  h o w e v e r ,  t h e y  showed r e s i s t a n c e  a g a i n s t  
t h e  c h a l l e n g e  d o s e  o f  one h e t e r o l o g o u s  s t r a i n .  D e r b y s h i r e  
(1 9 6 1 b )  i n  s u b s e q u e n t  work  f o u n d  t h a t  when s u b c u t a n e o u s  
a b s c e s s e s  on t h e  s k i n  and  u d d e r s  o f  g o a t s  were  p r o d u c e d  by 
l i v i n g  c o c c i  o f  s t r a i n  B B , t h e y  showed b e t t e r  p r o t e c t i o n  
a g a i n s t  a m a s s i v e  in t r a m a m m a r y  c h a l l e n g e  d o s e  o f  t h i s  
s t r a i n .  D e r b y s h i r e  and H e l l i w e l l  ( 1 9 6 2 )  v a c c i n a t e d  g o a t s  
w i t h  a  v a c c i n e  c o n t a i n i n g  a l p h a  h e m o l y s i n ,  c o a g u l a s e ,  and
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l e u c o c i d i n .  T h ese  g o a t s  show ed a g r e a t e r  d e g r e e  o f  r e s i s ­
t a n c e  a g a i n s t  s t r a i n  BB t h a n  t h o s e  imm unized  w i t h  t h e  a d j u ­
v a n t  c e l l  t o x o i d  o f  s t r a i n  BB. When s u c h  g o a t s  were  
c h a l l e n g e d  w i t h  s t r a i n  2 01 ,  t h e  im m uni ty  was c o m p a r a b le  
t o  t h e  a d j u v a n t  c e l l  t o x o i d  o f  t h i s  same s t r a i n .
c . Immune and a n t i b o d y  r e s p o n s e  i n  t h e  d a i r y  c o w s . 
The l i t e r a t u r e  d e a l i n g  w i t h  v a c c i n a t i o n  i n  b o v in e  s t a p h y l o ­
c o c c a l  m a s t i t i s  i s  f a i r l y  r e c e n t .  G w atk in  (1937)  r e p o r t e d  
t h a t  t o x o i d ,  when u s e d  t h e r a p e u t i c a l l y  was u n a b l e  t o  e l i m i ­
n a t e  t h e  i n f e c t i o n  f rom  cows u d d e r s .  M inn e t  (1937)*  w h i l e  
a d m i t t i n g  t h e  s h o r t c o m i n g s  o f  t o x o i d  t h e r a p y ,  recommended 
i t s  u s e  o v e r  o t h e r  fo rm s  o f  t r e a t m e n t .  W i l s o n  ( I 9I4.2 ) ,
Gould  ( I 9 i | 2 ) ,  and C o l l i n s o n  (19U9) fo u n d  f a v o r a b l e  r e s u l t s  
by t h e  t o x o i d  t r e a t m e n t  i n  s t a p h y l o c o c c a l  m a s t i t i s .  R ic h o u  
and  H o l s t e i n  (191+la, b ,  and 191}!)-) r e p o r t e d  t h a t  v a c c i n a t i o n  
w i t h  t o x o i d s  gave  c o m p le t e  r e c o v e r y  i n  a b o u t  75% o f  t h e  
cows s u f f e r i n g  f ro m  s t a p h y l o c o c c a l  m a s t i t i s .  The c a s e s  
w h ic h  d i d  n o t  r e s p o n d  t o  t h e  t r e a t m e n t  u s u a l l y  s u f f e r e d  
f ro m  m ix ed  i n f e c t i o n s .  T h ere  was a l s o  a g r e a t  im p rov em en t  
i n  t h e  m i l k  q u a l i t y  o f  t h e  cows s u f f e r i n g  f ro m  c h r o n i c  i n ­
f e c t i o n s .  The i n j e c t i o n s  o f  t o x o i d s  were  r e p e a t e d  e v e r y  
f i v e  d a y s .  R ic h o u  and T h i e u l i n  (1955)  l a t e r  on recommended 
t h e  v a c c i n e  t r e a t m e n t  s u p p l e m e n t e d  w i t h  a n t i b i o t i c s .  Ramon 
e t  a l .  (1 9 5 1 ,  1 9 5 2 a ,  b ,  c ,  and 1953)  a d v o c a t e d  t h e  u s e  o f  
a l p h a  and b e t a  t o x o i d s  f o r  t h e  t r e a t m e n t  o f  s t a p h y l o c o c c a l  
m a s t i t i s .  T hese  a u t h o r s  recommended t h e  i n c o r p o r a t i o n  o f  
c e r t a i n  t y p e s  o f  k i l l e d  b a c t e r i a l  c e l l s  ( v i z .  s t a p h y l o c o c c i ,
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S t r e p t o c o c c u s  a g a l a c t i a e  o r  E s c h e r i c h i a  c o l l ) e i t h e r  a l o n e  
o r  I n  c o m b i n a t i o n  w i t h  p o t a s s i u m  a lum  i n  t h e  t o x o i d ;  t h e  
c e l l s  e n h a n c e d  t h e  l e v e l  o f  i m m u n i t y .  The t r e a t m e n t  w i t h  
t h e  h e l p  o f  s t a p h y l o c o c c a l  t o x o i d s  was p r e f e r r e d  o v e r  t h e  
a n t i b i o t i c s .  P lommet  ( i 9 6 0 )  t r e a t e d  10 o u t  o f  19 s t a p h y l o ­
c o c c a l  i n f e c t e d  q u a r t e r s  by i n j e c t i n g  b a c t e r i n - t o x o i d s  i n  
2 . 5  ml d o se 3  t h r o u g h  t h e  t e a t  c a n a l s .  Most  o f  t h e  r e c o v e r e d  
q u a r t e r s  r e s p o n d e d  t o  t r e a t m e n t  a f t e r  t h e  f i r s t  i n j e c t i o n ;  
f o r  o t h e r s  t h r e e  t o  f o u r  i n j e c t i o n s  h a d  t o  be r e p e a t e d  a t  
f i v e  t o  e i g h t  d ay  i n t e r v a l s .  T h o rn e  a nd  W a l lm a rk  (1 9 61 )  
t r e a t e d  b o v i n e  s t a p h y l o c o c c a l  m a s t i t i s  w i t h  t o x o i d s  and  
o b t a i n e d  f a v o r a b l e  r e s u l t s .  The a u t h o r s  o b s e r v e d  t h a t  i n  
t h e  y o u n g  a n i m a l s  t h e  r i s e  o f  t h e  a n t i s t a p h y l o l y s i n  t i t e r s  
p r o v e d  t o  be l e s s  m ark e d  t h a n  i n  t h e  o l d e r  c o w s .
Pew v a c c i n e  t r i a l s  h a v e  b e e n  made i n  t h e  f i e l d  
b o v i n e  h e r d s  and  t h e  i n f e c t i o n  r a t e s  c o m p a re d  w i t h  t h e  
n o n - v a c c i n a t e d  c o w s .  K e a r n e y  and  M a lon ey  (19)+3) c a r r i e d  
a  16 m o n th  s u r v e y  i n  a  h e r d  o f  8 0  cows f o l l o w i n g  t h e  u s e  
o f  a n  a u t o g e n o u s  s t a p h y l o c o c c a l  t o x o i d  and s t r e p t o c o c c a l  
a n a c u l t u r e .  T h i r t y - e i g h t  cows w e re  c l i n i c a l l y  i n f e c t e d  
w i t h  m a s t i t i s  b e f o r e  v a c c i n a t i o n .  I t  was c l a i m e d  t h a t  t h r e e  
c o u r s e s  o f  i n j e c t i o n s  s p r e a d  d u r i n g  a p e r i o d  o f  n i n e  m o n th s  
c l e a r e d  t h e  i n f e c t i o n s  i n  t h e  m a j o r i t y  o f  t h e  c a s e s .  Any 
new c l i n i c a l  c a s e  was l e a s  s e v e r e .
P e a r s o n  ( 1 9 5 9 )  u s e d  s t a p h y l o c o c c a l  a u t o g e n o u s  t o x ­
o i d  v a c c i n e  f o r  t h e  p r e v e n t i o n  o f  m a s t i t i s  i n f e c t i o n  i n  a 
d a i r y  h e r d .  I n  25 r a n d o m l y  s e l e c t e d  y o u n g  c o w s ,  f o u r  d o s e s
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o f  3 t o  5 m l  e a c h  a t  a  w e e k l y  i n t e r v a l  w e re  g i v e n  i n t r a ­
m u s c u l a r l y .  E v e r y  s i x  m o n th s  a  b o o s t e r  d o se  o f  5 ml v a c c i n e  
was g i v e n  t o  e a c h  cow, and  r e s u l t s  on t h e  b a s i s  o f  c u l t u r a l  
e x a m i n a t i o n s  w ere  com pared  w i t h  18 c o n t r o l  cows.  The 
a u t h o r s  r e p o r t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  num ber  o f  
s t a p h y l o c o c c a l  i n f e c t i o n s  and  c l i n i c a l  f l a r e  u p s  b e tw e e n  
t h e  two g r o u p s .  D u r i n g  t h e  f i r s t  18 m o n t h s ,  o n l y  1 . 9 $  o f  
t h e  m i l k  s a m p le s  f ro m  t h e  v a c c i n a t e d  cows showed m a j o r  
s t a p h y l o c o c c a l  i n f e c t i o n s ,  a s  com pared  t o  8 . 1% i n  t h e  c o n t r o l  
c ow s .  O n ly  one c a s e  o f  c l i n i c a l  m a s t i t i s  was o b s e r v e d  i n  
t h e  v a c c i n a t e d  g r o u p  a g a i n s t  n i n e  s u c h  c a s e s  i n  t h e  n o n ­
v a c c i n a t e d  co w s .  D u r i n g  t h e  f o l l o w i n g  12 m o n th s ,  t h e r e  
was no  n o t i c e a b l e  d i f f e r e n c e  i n  t h e  c l i n i c a l  m a s t i t i s  c a s e s  
b e tw e e n  t h e  v a c c i n a t e d  and n o n - v a c c i n a t e d  g r o u p s .
S l a n e t z  e t  a l .  ( 1 9 5 9 )  c a r r i e d  o u t  v a c c i n a t i o n  s t u d i e s  
i n  s e v e r a l  f i e l d  h e r d s  s p r e a d  o v e r  a p e r i o d  o f  a b o u t  f i v e  
y e a r s .  I n  t h e i r  f i r s t  e x p e r i m e n t ,  31 cows b e l o n g i n g  t o  a  
l a r g e  d a i r y  h e r d  w ere  v a c c i n a t e d  w i t h  b a c t e r i n - t o x o i d ,  
w h i l e  39 cows s e r v e d  as  c o n t r o l s .  D u r in g  t h e  f o l l o w i n g  
p e r i o d  o f  18 m o n t h s ,  t h e r e  was a s l i g h t  r e d u c t i o n  ( f r o m  16$  
t o  U4. . I /0) i n  t h e  i n f e c t i o n  r a t e  o f  t h e  v a c c i n a t e d  cow s .  I n  
t h e  c o n t r o l  g r o u p ,  h o w e v e r ,  t h e  num ber  o f  i n f e c t e d  q u a r t e r s  
i n c r e a s e d  t h r e e  t i m e s  i n  t h e  cows o f  one b a r n  and  two t im e s  
i n  t h e  cows o f  t h e  s e c o n d  b a r n .  Only 17 c l i n i c a l l y  i n f e c t e d  
q u a r t e r s  w e re  r e p o r t e d  among t h e  31 v a c c i n a t e d  c ow s .  On t h e  
o t h e r  h a n d ,  t h e  num ber  o f  c l i n i c a l  i n f e c t i o n s  among t h e  39 
c o n t r o l  cows was 7 9 .  The l e v e l  o f  a l p h a  a n t i t o x i n  i n  t h e
25
v a c c i n a t e d  g r o u p  was s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  co n ­
t r o l  cows.
I n  t h e i r  e x p e r i m e n t s  No. 2 and  No. 3» t h e  a u t h o r s  
v a c c i n a t e d  100 d a i r y  cows and em ployed  a n o t h e r  77 cows as  
n o n - v a c c i n a t e d  c o n t r o l s .  The v a c c i n e  u s e d  was e i t h e r  t o x ­
o i d  ( i n  e x p e r i m e n t  No. 2) o r  b a c t e r i n - t o x o i d  ( i n  e x p e r i m e n t  
No. 3) p r e p a r e d  i n  t h e i r  own l a b o r a t o r y  o r  o b t a i n e d  f rom  a 
c o m m e r c i a l  company.*- The v a c c i n a t e d  g ro u p  r e c e i v e d  two t o  
t h r e e  i n j e c t i o n s  o f  10 ml e a c h  a t  an I n t e r v a l  o f  f o u r  
w e e k s .  The b o o s t e r  d o s e ,  I f  g i v e n ,  was i n j e c t e d  a f t e r  
a n o t h e r  s i x  m o n th s .  I n  t h e s e  e x p e r i m e n t s ,  i m m u n i z a t i o n  
s t i m u l a t e d  t h e  p r o d u c t i o n  o f  h i g h e r  a n t i b o d i e s  and i n c r e a s e d  
t h e  r e s i s t a n c e  t o  s t a p h y l o c o c c a l  m a s t i t i s .  The s p r e a d  o f  
i n f e c t i o n  was p r e v e n t e d  and t h e r e  was a m arked  r e d u c t i o n  i n  
t h e  num ber  o f  a c u t e  f l a r e  u p s .
S l a n e t z  e t  a l .  (1963)  f u r t h e r  c o n t i n u e d  t h e i r  
s t a p h y l o c o c c i c  v a c c i n e  s t u d i e s  on f o u r  h e r d s .  I n  h e r d s  
o n e ,  tw o ,  and t h r e e  t h e r e  was a c o n s i d e r a b l e  r e d u c t i o n  i n  
t h e  i n c i d e n c e  o f  I n f e c t e d  q u a r t e r s  i n  t h e  v a c c i n a t e d  cows 
as  com pared  w i t h  t h e  c o n t r o l  g r o u p s .  I n  t h e  f o u r t h  h e r d  
a l l  o f  t h e  cows were  v a c c i n a t e d  and t h e i r  r e s u l t s  c o u l d  n o t  
be com pared  w i t h  n o n - v a c c i n a t e d  a n i m a l s ,  a l t h o u g h  t h e  i n c i ­
dence  o f  i n f e c t i o n  was much l e s s  a f t e r  v a c c i n a t i o n .  T h e re  
were  no n e w ly  i n f e c t e d  q u a r t e r s  d u r i n g  t h e  t e s t  p e r i o d  o f  
two y e a r s  a f t e r  i m m u n i z a t i o n .
*  A m er ic an  Cyanamid C o . ,  P r i n c e t o n ,  New J e r s e y .
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A few  s t a p h y l o c o c c a l  v a c c i n e  t r i a l s  h a v e  b e e n  c a r ­
r i e d  o u t  i n  e x p e r i m e n t a l  cows u n d e r  more  c o n t r o l l e d  c o n d i ­
t i o n s .  S p e n c e r  e t  a l .  ( 1 9 5 6 ) ,  a f t e r  o b t a i n i n g  c e r t a i n  
p r e l i m i n a r y  i m m u n i z a t i o n  e x p e r i e n c e  i n  r a b b i t s ,  v a c c i n a t e d  
i n t r a m u s c u l a r l y  n i n e  cows w i t h  a  d r i e d  f o r m a l i n i z e d  c u l t u r e  
( b a c t e r i n - t o x o i d )  s u s p e n d e d  i n  10% a q u e o u s  a lum inum  h y d r o x ­
i d e .  A l l  b u t  one  cow h a d  a good  r e s p o n s e  o f  a n t i h e m o l y s i n  
p r o d u c t i o n  w h i c h  v a r i e d  f ro m  51 t o  102 u n i t s  a f t e r  two 
w eeks  o f  v a c c i n a t i o n .  I n t r a m a m m a r y  c h a l l e n g e  w i t h  t h e  
h o m o lo g o u s  s t r a i n  p r o d u c e d  m ore  s e v e r e  r e a c t i o n s  i n  a l l  
t h e  f i v e  q u a r t e r s  o f  t h e  n o n - v a c c i n a t e d  t h a n  i n  t h e  16 
q u a r t e r s  o f  t h e  v a c c i n a t e d  c o w s .  N ine  o f  t h e  16 q u a r t e r s  
o f  t h e  v a c c i n a t e d  cows d e v e l o p e d  c h r o n i c  i n f e c t i o n  f o l l o w ­
i n g  t h e  c h a l l e n g e  d o s e .
S l a n e t z  e t  a l .  ( 1 9 5 9 )  v a c c i n a t e d  f o u r  cows w i t h  
two i n j e c t i o n s  o f  b a c t e r i n - t o x o i d  a t  f o u r  week i n t e r v a l s .  
A f t e r  one  t o  two m o n t h s ,  a l l  o f  t h e  v a c c i n a t e d  and  an e q u a l  
n um ber  o f  c o n t r o l  cows w e re  c h a l l e n g e d  by t h e  i n t r a m a m m a r y  
r o u t e  X'Tith one t o  f i v e  b i l l i o n  o r g a n i s m s  o f  t h e  ho m o lo g o u s  
s t r a i n .  A l l  o f  t h e  e x p e r i m e n t a l  cows r e s i s t e d  t h e  c h a l ­
l e n g e  d o se  much b e t t e r  t h a n  t h e  c o n t r o l  c o w s .
S l a n e t z ,  B a r t l e y ,  and  A l l e n  (1 9 6 3 )  s u b s e q u e n t l y  
c a r r i e d  o u t  o t h e r  s t a p h y l o c o c c a l  im m u n i ty  t r i a l s  i n  cow s .
I n  t h e i r  f i r s t  e x p e r i m e n t  f o u r  cows w e re  i n j e c t e d  i n t r a ­
m u s c u l a r l y  w i t h  two 5 ml  d o s e s  o f  a  c o m m e r c i a l l y  a v a i l a b l e  
b a c t e r i n - t o x o i d . *  One m o n th  a f t e r  t h e  s e c o n d  i n j e c t i o n ,
* A m e r ic a n  Cyanam id  C o . ,  P r i n c e t o n ,  New J e r s e y .
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a l l  t h e  q u a r t e r s  o f  t h e  f o u r  e x p e r i m e n t a l  and f o u r  c o n t r o l  
cows w ere  c h a l l e n g e d  v i a  t h e  t e a t  c a n a l  w i t h  a m a s s i v e  dose  
o f  t h e  hom ologous  o r g a n i s m .  At t h e  e n d  o f  t h e  s e c o n d  m o n th ,  
i t  was o b s e r v e d  t h a t  t h e  number  o f  i n f e c t e d  q u a r t e r s  i n  t h e  
e x p e r i m e n t a l  and  c o n t r o l  cows was 9 and iJLg r e s p e c t i v e l y .
The i n f e c t e d  q u a r t e r s  o f  a l l  t h e  a n i m a l s  were  t r e a t e d  w i t h  
c h l o r t e t r a c y c l i n e  d i h y d r o s t r e p t o m y c i n  and n e o m y c in ,  and t h e  
e x p e r i m e n t a l  cows r e c e i v e d  a n o t h e r  two i n j e c t i o n s  o f  10 ml 
b a c t e r i n - t o x o i d  a t  a m o n th ly  i n t e r v a l .  On c h a l l e n g e ,  t h e  
r a t e  o f  i n f e c t i o n  i n  t h e  v a c c i n a t e d  cows was shown t o  be 
a b o u t  h a l f  (6 o u t  o f  13 q u a r t e r s )  o f  t h e  c o n t r o l  cows (12 
o u t  o f  lJq q u a r t e r s ) .
I n  t h e  s e c o n d  e x p e r i m e n t ,  t h e  a u t h o r s  v a c c i n a t e d  
a n o t h e r  e i g h t  c ow s .  The d e t a i l s  and  p r o c e d u r e s  o f  immuni­
z a t i o n  p e r t a i n i n g  t o  t h e  d o s e s  o f  v a c c i n e ,  i n t e r v a l s  o f  
i n j e c t i o n s  and t h e  t y p e  o f  v a c c i n e  were  more o r  l e s s  t h e  
same as  a r e  m e n t i o n e d  i n  t h e i r  f i r s t  e x p e r i m e n t  o f  t h i s  
s e r i e s .  Two q u a r t e r s  o f  e a c h  cow were  c h a l l e n g e d  w i t h  t h e  
hom ologous  and t h e  o t h e r  two w i t h  a h e t e r o l o g o u s  s t r a i n .
At t h e  end o f  t h e  o b s e r v a t i o n  p e r i o d ,  a b o u t  75$ o f  t h e  
q u a r t e r s  b e l o n g i n g  t o  t h e  e x p e r i m e n t a l  cows w ere  fo u n d  t o  
be i n f e c t e d .  The i n f e c t i o n  i n  t h e  q u a r t e r s  o f  t h e  c o n t r o l  
cows was n e a r l y  100%. The r e a c t i o n  I n  t h e  q u a r t e r s  o f  t h e  
n o n - v a c c i n a t e d  cows was more s e v e r e  t h a n  in  t h e  v a c c i n a t e d  
co w s . A l l  t h e  i n f e c t e d  q u a r t e r s  w ere  t r e a t e d  and th e  e x p e r i ­
m e n t a l  g r o u p  r e c e i v e d  one b o o s t e r  i n j e c t i o n  o f  10 ml b a c t e r i n -
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t o x o i d .  On r e c h a l l e n g e ,  t h e  p e r c e n t a g e  o f  i n f e c t e d  q u a r t e r s  
i n  t h e  c o n t r o l  g r o u p  was a l m o s t  t w i c e  t h a t  o f  t h e  e x p e r i ­
m e n t a l  c o w s .
I n  t h e  l a s t  e x p e r i m e n t  o f  t h i s  s e r i e s ,  S l a n e t z  e t  
a l .  ( 1 9 6 3 )  im m u n ize d  e i g h t  m o re  cows and  an  e q u a l  n u m b er  
s e r v e d  a s  c o n t r o l s .  The v a c c i n e  u s e d  was a p o l y v a l e n t  
b a c t e r i n - t o x o i d  i n a c t i v a t e d  by  1% b e t a - p r o p i o l a c t o n e . One 
h o m o lo g o u s  a n d  t h r e e  h e t e r o l o g o u s  s t r a i n s  w e r e  u s e d  t o  
c h a l l e n g e  a l l  t h e  f o u r  q u a r t e r s  o f  a l l  o f  t h e  c o w s .  The 
h o m o lo g o u s  s t r a i n  ( s t r a i n  570) i n f e c t e d  llj. o u t  o f  16 q u a r ­
t e r s .  The i n f e c t e d  q u a r t e r s  d e v e l o p e d  a c u t e  m a s t i t i s  and  
a l l  t h e s e  cows a l s o  s u f f e r e d  f r o m  s y s t e m i c  d i s t u r b a n c e s .
The two cows w h i c h  r e s i s t e d  t h e  i n f e c t i o n  a g a i n s t  t h i s  
s t r a i n  b e l o n g e d  t o  t h e  g r o u p  o f  e x p e r i m e n t a l  cows and h a d  
a  h i g h  l e v e l  o f  a l p h a  a n t i t o x i n  i n  t h e i r  b l o o d  s e r u m .  One 
h e t e r o l o g o u s  s t r a i n  i n f e c t e d  s i x  o u t  o f  e i g h t  q u a r t e r s  o f  
t h e  c o n t r o l  c o w s .  The c l i n i c a l  r e s p o n s e  w i t h  s t r a i n  570 
was so  r a p i d  a nd  s e v e r e  t h a t  o t h e r  h e t e r o l o g o u s  s t r a i n s  d i d  
n o t  g e t  s u f f i c i e n t  t i m e  t o  s e t  u p  t h e  i n f e c t i o n .  Q u a r t e r s  
o t h e r  t h a n  t h e  o n e s  c h a l l e n g e d  w i t h  s t r a i n  570 g o t  i n f e c t e d  
w i t h  t h i s  s t r a i n .
D e r b y s h i r e  ( 1 9 6 0 b )  v a c c i n a t e d  f o u r  cows w i t h  a  mono­
v a l e n t  a d j u v a n t  c e l l  t o x o i d  i n  t h e  f i r s t  m o n th  o f  t h e i r  
f i r s t  l a c t a t i o n .  The d o s e s  u s e d  d u r i n g  t h i s  c o u r s e  o f  
i m m u n i z a t i o n  w e re  5 m l ,  10 m l ,  and  10 m l  d u r i n g  t h e  f i r s t  
week s p a c e d  a t  two d a y  i n t e r v a l s  and  a d o s e  o f  10 ml  a f t e r  
a  p e r i o d  o f  a n o t h e r  t h r e e  w e e k s .  One w eek  a f t e r  t h e
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s e c o n d a r y  i n j e c t i o n ,  one  q u a r t e r  o f  a l l  t h e  v a c c i n a t e d  and  
two n o n - v a c c i n a t e d  cows w e re  c h a l l e n g e d  t h r o u g h  t h e  t e a t  
c a n a l  w i t h  a 10 ml w h o le  b r o t h  c u l t u r e  o f  t h e  h o m o lo g o u s  
s t r a i n .  The c h a l l e n g e d  q u a r t e r s  o f  t h e  c o n t r o l  cows d e ­
v e l o p e d  a  s e v e r e  p u r u l e n t  m a s t i t i s .  I n  t h e  v a c c i n a t e d  c o w s ,  
h o w e v e r ,  t h e  r e a c t i o n  was v e r y  t r a n s i e n t  and  m i l d e r .  A l l  
cows c o n t i n u e d  t o  be i n f e c t e d  d u r i n g  t h e  e n t i r e  p e r i o d  o f  
t h r e e  w eek s  u n d e r  o b s e r v a t i o n .
B l o b e l  a nd  Berman (1 9 6 2 )  im m unized  18 cows w i t h  a 
f o r m a l i n i z e d  72 h o u r  w h o le  b r o t h  c u l t u r e  o f  a  s t r a i n  i s o ­
l a t e d  f r o m  a c a s e  o f  b o v i n e  m a s t i t i s .  The v a c c i n e  c o n t a i n e d  
m e a s u r e d  am oun ts  o f  c o a g u l a s e  and e g g  y o l k  f a c t o r .  A l l  cows 
r e c e i v e d  s e v e n  i n t r a m u s c u l a r  i n j e c t i o n s ,  t h r e e  a t  two week 
I n t e r v a l s  and  t h e  r e m a i n i n g  f o u r  b o o s t e r  i n j e c t i o n s  t h r e e  
t o  s i x  m o n th s  a p a r t .  A f t e r  t h e  f o u r  w eeks  o f  t h e  f i r s t  I n ­
j e c t i o n  s e r i e s ,  t h e  a v e r a g e  a l p h a  and b e t a  h e m o l y s i n s  i n
t h e  v a c c i n a t e d  cows was 3 8 . 2  a nd  1 + 8 . I . U .  r e s p e c t i v e l y .
The t i t e r s  o f  a n t i b o d i e s  a g a i n s t  c o a g u l a s e  and e g g  y o l k  
f a c t o r s  w e re  l o w .  S i x  w eek s  a f t e r  t h e  f i r s t  i n j e c t i o n ,  
a l l  t h e  v a c c i n a t e d  a n d  an e q u a l  num ber  o f  n o n - v a c c i n a t e d  
cows w e re  e x p o s e d  t o  i n f e c t i o n  t h r o u g h  t h e  m e d i a  o f  two 
i n f e c t e d  cow s,  e a c h  p l a c e d  a t  t h e  h e a d  o f  one  o f  t h e  two
m i l k i n g  l i n e s .  The two cows w ere  i n f e c t e d  v i a  t h e  t e a t
c a n a l s  w i t h  f o u r  d i f f e r e n t  s t r a i n s  (one  h o m o lo g o u s  and 
t h r e e  h e t e r o l o g o u s ) .  I t  was n o t e d  t h a t  t h e  i n f e c t i o n  w i t h  
t h e  v a c c i n e  s t r a i n  o c c u r r e d  m o s t  f r e q u e n t l y  i n  t h e  n o n -  
v a c c i n a t e d  c o w s .  One o f  t h e  t h r e e  h e t e r o l o g o u s  s t r a i n s
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d i s a p p e a r e d  q u i c k l y  f rom  t h e  h e r d  a nd  l a t e r  o n ,  o t h e r  new 
s t r a i n s  w ere  i s o l a t e d  f ro m  t h e  h e r d .  An i n c r e a s e d  r e s i s ­
t a n c e  among t h e  v a c c i n a t e d  cows was o b s e r v e d  a g a i n s t  t h e  
v a c c i n e  s t r a i n .  A l t h o u g h  t h e r e  was no a p p r e c i a b l e  d i f ­
f e r e n c e  i n  t h e  num ber  o f  i n f e c t e d  q u a r t e r s  w i t h  t h e  h e t e r ­
o l o g o u s  s t r a i n ,  t h e  r e a c t i o n s  were more s e v e r e  and p e r s i s t e d  
l o n g e r  i n  t h e  n o n - v a c c i n a t e d  t h a n  i n  t h e  v a c c i n a t e d  cows.
M o n o v a le n t  v e r s u s  p o l y v a l e n t  v a c c i n e s . S . a u r e u s  
p o s s e s s e s  a  number  o f  s u r f a c e  and c y t o p l a s m i c  a n t i g e n s .  
D i f f e r e n t  s t r a i n s  p o s s e s s  b o t h  g ro u p  and t y p e  s p e c i f i c  
a n t i g e n s  ( O e d in g ,  1952 ;  M a l ik  and S i n g h ,  I 9 6 0 ;  and S l a n e t z  
and B a r t l e y ,  1 9 6 2 ) .  The s t r a i n s  i s o l a t e d  f ro m  a s i n g l e  and 
s e l f  c o n t a i n e d  s o u r c e  u s u a l l y  p o s s e s s  s i m i l a r  a n t i g e n i c  
s t r u c t u r e s .  T h i s  c o n s i d e r a t i o n  h a s  l e d  some w o r k e r s  t o  u s e  
a u to g e n o u s  v a c c i n e s  f o r  b e t t e r  r e s u l t s  ( A l t a r a ,  1933?
K e a r n e y  and M a lo n ey ,  191+3J and P e a r s o n ,  1 9 5 9 ) .  When i t  
i s  n o t  p o s s i b l e  t o  u s e  a u to g e n o u s  v a c c i n e s ,  i t  i s  c o n s i ­
d e r e d  d e s i r a b l e  t o  i n c l u d e  more t h a n  one a n t i g e n i c  t y p e  i n  
t h e  v a c c i n e .  C o n s i d e r i n g  t h e  d raw backs  o f  a  m o n o v a l e n t  
v a c c i n e ,  S l a n e t z  e t  a l .  (1959)  a d v o c a t e d  t h e  i n c o r p o r a t i o n  
o f  more t h a n  one t y p e  o f  s t r a i n  i n  t h e  v a c c i n e .  T h ere  a r e  
p u b l i s h e d  r e p o r t s  where  t h e  immunized a n im a l s  c o u l d  n o t  be 
p r o t e c t e e  a g a i n s t  t h e  c h a l l e n g e  do se  o f  h e t e r o l o g o u s  s t r a i n s .  
D e r b y s h i r e  ( 1 9 6 1 a )  r e p o r t e d  t h a t  g o a t s  v a c c i n a t e d  w i t h  t h e  
v a c c i n e  p r e p a r e d  f r o m  a s t r a i n  c o n f e r r e d  a h i g h  d e g r e e  o f  
im m u n i ty  a g a i n s t  t h e  c h a l l e n g e  d ose  o f  t h e  hom ologous  and 
one h e t e r o l o g o u s  s t r a i n  b u t  n o t  a g a i n s t  t h r e e  o t h e r  h e t e r ­
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o l o g o u s  s t r a i n s .  S i m i l a r  r e p o r t s  a r e  a v a i l a b l e  f r o m  immuno­
l o g i c a l  s t u d i e s  i n  c a t t l e  ( B l o b e l  and  B erm an ,  1 9 6 2  and 
S l a n e t z  e t  a l . ,  1 9 6 3 ) .  I t  h a s  a l s o  b e e n  o b s e r v e d  i n  g o a t s  
( D e r b y s h i r e ,  1 9 6 1 a )  and  c a t t l e  ( S l a n e t z  e t  a l . ,  1 96 3 )  t h a t  
a t  t i m e s ,  v a c c i n e s  p r e p a r e d  f r o m  some s t r a i n s  do n o t  a f f o r d  
p r o t e c t i o n  e v e n  a g a i n s t  t h e  c h a l l e n g e  d o s e  o f  s u c h  p a r t i c u ­
l a r  h o m o lo g o u s  s t r a i n s .
I m m u n o l o g i c a l  s i g n i f i c a n c e  o f  i n d i v i d u a l  d i f f u s i b l e  
a n t i g e n s . The m e r i t s  o f  a l p h a  t o x o i d  h a v e  e a r l i e r  b e e n  
d i s c u s s e d  i n  some d e t a i l .  So f a r ,  l i t t l e  i n f o r m a t i o n  I s  
a v a i l a b l e  on t h e  immune and  a n t i b o d y  r e s p o n s e s  o f  o t h e r  £5. 
a u r e u s  s o l u b l e  a n t i g e n s .
The l e v e l  o f  b e t a  a n t i t o x i n  i n  t h e  b l o o d  s e r u m  o f  
v a c c i n a t e d  a n i m a l s  h a s  u s u a l l y  b e e n  I n v e s t i g a t e d  w i t h  a l p h a  
a n t i t o x i n .  M o s t  o f  t h e  a u r e u s  s t r a i n s  f r o m  b o v i n e  
s o u r c e s  a r e  a l p h a - b e t a  h e m o l y t i c  and  t h e  t o x o i d s  p r e p a r e d  
f r o m  s u c h  s t r a i n s  u s u a l l y  s t i m u l a t e d  b o t h  t y p e s  o f  a n t i h e m o ­
l y s i n s .  Brown ( I 9 6 0 )  a n d  B l o b e l  and  Berman ( 1 9 6 2 )  h a v e  
r e p o r t e d  t h a t  t h e  t i t e r s  o f  b e t a  a n t i t o x i n  u s u a l l y  c o r r e l a t e  
w i t h  t h e  t i t e r s  o f  a l p h a  a n t i t o x i n  i n  t h e  b l o o d  s e r u m  o f  
c o w s .  D e r b y s h i r e  and  H e l l i w e l l  (1 9 6 2 )  on t h e  b a s i s  o f  
t h e i r  s t u d i e s  i n  g o a t s  r e p o r t e d  t h a t  b e t a  h e m o l y s i n  d o e s  
n o t  a p p e a r  t o  p l a y  any  s i g n i f i c a n t  r o l e  I n  t h e  v i r u l e n c e  
o f  o r  I n  t h e  im m u n i ty  a g a i n s t  s t a p h y l o c o c c i .  V i r t u a l l y  
n o t h i n g  i s  known a b o u t  t h e  i m m u n o l o g i c a l  s i g n i f i c a n c e  o f  
d e l t a  l y s i n .  I t  h a s  b e e n  s u g g e s t e d  t h a t  d e l t a  l y s i n  and 
l e u c o l y s i n  I . e . ,  t h e  t h i r d  t y p e  o f  l e u c o c i d i n ,  a r e  i d e n t i c a l
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( G l a d s t o n e  and v a n  H e y n i n g e n ,  1 9 5 7 ) .  The h e m o l y t i c  a c t i v i t y  
o f  d e l t a  l y s i n  i s  r e p o r t e d  t o  be n o n - s p e c i f i c a l l y  n e u t r a l ­
i z e d  by t h e  n o r m a l  se ru m  (M a rk s ,  1 9 5 1 ) .  R e c e n t l y  Plommet 
an d  G a l l  (1 9 6 3 b )  r e p o r t e d  t h a t  d e l t a  t o x i n  d o e s  n o t  p l a y  
any  i m p o r t a n t  r o l e  i n  t h e  v i r u l e n c e  o f  s t a p h y l o c o c c a l  m as ­
t i t i s  i n  e w e s .
The a n t i g e n i c i t y  o f  c o a g u l a s e  h a s  b e e n  known f o r  
t h e  l a s t  30 y e a r s  ( G r o s s ,  1933)*  Ramelkemp e t  a l .  (1 9 50 )  
d e s c r i b e d  t h r e e  and  D u t h i e  and L o r e n z  (1 9 52 )  d e s c r i b e d  f o u r  
d i f f e r e n t  a n t i g e n i c  t y p e s  o f  s t a p h y l o c o a g u l a s e . L o m in s k i  
( I9 l t9 )  f o u n d  t h a t  c o a g u l a s e  i n h i b i t o r y  human se ru m  c o n f e r r e d  
im m u n i ty  i n  r a b b i t s .  Boake (1956)  d e m o n s t r a t e d  t h a t  a n t i -  
c o a g u l a s e  i n c r e a s e d  t h e  r e s i s t a n c e  o f  e x p e r i m e n t a l  r a b b i t s  
a g a i n s t  t h e  i n t r a v e n o u s  c h a l l e n g e  w i t h  c o a g u l a s e  p o s i t i v e  
s t r a i n s .  B l o b e l  and  Berman (1 9 6 1 )  o b s e r v e d  a r a p i d  d e p l e ­
t i o n  o f  b lo o d  f i b r i n o g e n  i n  r a b b i t s  f o l l o w i n g  t h e  i n t r a ­
v e n o u s  i n j e c t i o n  o f  a p u r i f i e d  c o a g u l a s e .  H y pe r im m u n iz e d  
r a b b i t s ,  h o w e v e r ,  were  f u l l y  p r o t e c t e d  a g a i n s t  f i b r i n o g e n  
d e p l e t i o n  and  p u lm o n a r y  v a s c u l a r  b l o c k a g e  t o  c o a g u l a s e  
d o s e s  l e t h a l  f o r  n o r m a l  a n i m a l s .  L o m in sk i  e t  a l .  ( 1 9 6 2 )  
im m unized  r a b b i t s  w i t h  t o x i c  f i l t r a t e s  f r e e  o f  h e m o l y s i n s  
and o b t a i n e d  good  c o a g u l a s e  a n t i b o d y  r e s p o n s e .  The r a b b i t s  
im m unized  w i t h  c o a g u l a s e  p r e p a r a t i o n  f ro m  a ph a g e  g r o u p  I I I  
s t r a i n  w e re  p r o t e c t e d  a g a i n s t  t h e  c h a l l e n g e  d o se  o f  a ph a g e  
g r o u p  I I I  s t r a i n  b u t  n o t  a g a i n s t  p ha g e  g r o u p  I  s t r a i n .  On 
t h e  o t h e r  h a n d ,  r a b b i t s  im m unized  w i t h  c o a g u l a s e  p r e p a r a t i o n  
f r o m  a  p h a g e  g r o u p  I  s t a p h y l o c o c c u s  showed no r e s i s t a n c e  t o
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e i t h e r  o f  t h e  two p h a g e  g ro u p  s t a p h y l o c o c c i .  D e r b y s h i r e  
( 1 9 6 0 a )  was u n a b l e  t o  d e t e c t  any  a n t i c o a g u l a s e  t i t e r  i n  
t h e  s e r a  o f  t h e  g o a t s  immunized  w i t h  a d j u v a n t  c e l l  t o x o i d  
v a c c i n e .  B l o b e l  and Berman (1962)  d e m o n s t r a t e d  an I n c r e a s e d  
a n t i c o a g u l a s e  t i t e r  i n  t h e  se rum  o f  v a c c i n a t e d  c a t t l e  a f t e r  
e a c h  b o o s t e r  i n j e c t i o n .  The a u t h o r s  c o n c l u d e d  t h a t  t o  ob­
t a i n  a  h i g h e r  a n t i b o d y  t i t e r ,  a  l a r g e  amount o f  c o a g u l a s e  
h a s  t o  be i n c o r p o r a t e d  i n t o  t h e  v a c c i n e .  I n  c a t t l e  n o t  
much i s  known a b o u t  t h e  r o l e  o f  c o a g u l a s e  a n t i b o d i e s  i n  
s t a p h y l o c o c c a l  im m u n i ty .  D e r b y s h i r e  and H e l l i w e l l  ( 1 9 6 2 ) ,  
f ro m  t h e i r  work i n  g o a t s ,  c o n c l u d e d  t h a t  c o a g u l a s e  p l a y s  
an  i n s i g n i f i c a n t  r o l e  i n  t h e  m echan ism  o f  v i r u l e n c e  and 
c o n t r i b u t e s  n o t h i n g  to w a rd s  im m u n i ty .
D u r in g  r e c e n t  y e a r s ,  t h e r e  h as  been  a r e v i v a l  o f  
i n t e r e s t  i n  s t u d i e s  o f  t h e  P .V .  l e u c o c i d i n s  and t h e  r o l e  
o f  t h e i r  a n t i b o d i e s  i n  s t a p h y l o c o c c a l  i n f e c t i o n s .  P a n t o n  
and V a l e n t i n e  (1932)  and V a l e n t i n e  (1936)  drew a t t e n t i o n  
t o  t h e  h i g h  a n t i g e n i c i t y  o f  t h e  P .V .  l e u c o c i d i n .  Woodin
(1959)  d e s c r i b e d  a f a s t  and a s low  a n t i g e n i c  f r a c t i o n  (F 
and S) o f  t h e  P .V .  l e u c o c i d i n .  On t h e  b a s i s  o f  c l i n i c a l  
o b s e r v a t i o n s  and t h e  a n t i l e u c o c i d i n  t i t e r s  i n  t h e  human 
p a t i e n t s ,  B u t l e r  and V a l e n t i n e  (1 9^3 )  s u g g e s t e d  t h e  immuno­
l o g i c a l  I m p o r t a n c e  o f  l e u c o c i d i n .  Jo h a n o s k y  (1 9 58 a)*
Towers and  G l a d s t o n e  (1956)  and  G l a d s t o n e  e t  a l .  (1962)  
o b s e r v e d  a d i r e c t  r e l a t i o n s h i p  b e tw e e n  t h e  r e s i s t a n c e  t o  
s t a p h y l o c o c c a l  i n f e c t i o n s  and t h e  a n t i l e u c o c i d i n  t i t e r s  
among t h e  human p a t i e n t s .  They fo u n d  no s u c h  c o r r e l a t i o n
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w i t h  a n t i  a l p h a  h e m o l y s i n .  Sebek  e t  a l .  (1 9 ^ 9 )  n o t e d  a 
s e v e n  f o l d  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  m a s t i t i s  i n  human 
m o th e r s  a f t e r  im m u n iz in g  them  d u r i n g  p r e g n a n c y  w i t h  a t o x ­
o i d  c o n t a i n i n g  h i g h  l e u c o c i d i n .  D e r b y s h i r e  and H e l l i w e l l  
(1962)  immunized  g o a t s  w i t h  t o x o i d s  c o n t a i n i n g  a l p h a  hemo­
l y s i n ,  c o a g u l a s e ,  and l e u c o c i d i n .  The g o a t s  showed c o n s i ­
d e r a b l e  r e s i s t a n c e  t o  a m a s s i v e  c h a l l e n g e  d o se  o f  o r g a n i s m s .
The im m u n iz ing  r o l e  o f  t h e  a n t i b o d i e s  a g a i n s t  o t h e r  
S .  a u r e u s  d i f f u s i b l e  p r o d u c t s  i s  n o t  known. D e r b y s h i r e  
(1 9 6 1 a )  was u n a b l e  t o  d e t e c t  a n t i b o d i e s  a g a i n s t  h y a l u r o n i -  
d a s e ,  l i p a s e ,  and p r o t e a s e  enzymes i n  t h e  s e r a  o f  immunized  
g o a t s .  B l o b e l  and  Berman (1962)  r e p o r t e d  t h a t  i n  c a t t l e  
t h e  a n t i b o d i e s  i n h i b i t i n g  t h e  egg y o l k  f a c t o r  a l m o s t  r e ­
m a in ed  a t  t h e  p r e - v a c c i n a t i o n  l e v e l  u n t i l  more p a r t i a l l y  
p u r i f i e d  egg y o l k  f a c t o r  was i n c o r p o r a t e d  i n t o  t h e  v a c c i n e .
E f f e c t s  o f  a d j u v a n t s  on a n t i b o d y  p r o d u c t i o n . A d ju ­
v a n t s  h a v e  f r e q u e n t l y  b e e n  u s e d  t o  i n c r e a s e  t h e  im m u n iz in g  
e f f i c i e n c y  o f  v a r i o u s  v a c c i n e s  i n c l u d i n g  t h e  t o x o i d s  and 
b a c t e r i n - t o x o i d s  o f  S_. a u r e u s . M in n e t  (1939)  r e p o r t e d  t h a t  
one dose  o f  a lum p r e c i p i t a t e d  S .  a u r e u s  t o x o i d  gave b e t t e r  
im m uni ty  i n  s h e e p  t h a n  two d o s e s  o f  p l a i n  t o x o i d .  D e rb y ­
s h i r e  ( 1 9 6 0 a ) ,  w h i l e  im m u n iz in g  t h e  g o a t s  a g a i n s t  S .  a u r e u s  
e x p e r i m e n t a l  i n f e c t i o n s ,  com pared  d i f f e r e n t  t y p e s  o f  v a c ­
c i n e s  w i t h  and w i t h o u t  t h e  a d j u v a n t  and c o n c l u d e d  t h a t  c e l l  
t o x o i d  w i t h  a luminum h y d r o x i d e  a d j u v a n t  p r o d u c e d  h i g h e s t  
a n t i b o d y  t i t e r s  o f  a l l  t y p e s  o f  v a c c i n e s  u s e d  and gave  b e s t  
p r o t e c t i o n  a g a i n s t  t h e  c h a l l e n g e  d o s e s .  Alum p r e c i p i t a t e d
35
v a c c i n e s  h a v e  b e e n  u s e d  by F a r r e l l  a nd  K i t c h i n g  ( 1 9 3 & ) ,  
R i c h o u  (19i|-3> 19J+5), R i c h o u  e t  a l ,  ( I 9 J4 I )» Ramon e t  a l ,  
( 1 9 5 3 ) »  P e a r s o n  ( 1 9 5 9 ) *  and B l o b e l  and  Berman ( 1 9 6 2 )  f o r  
i n c r e a s i n g  t h e  i m m u n i ty  a g a i n s t  £>. a u r e u s  i n f e c t i o n s  i n  
cows and  o t h e r  a n i m a l s .  O t h e r  commonly e m p lo y e d  a d j u v a n t s  
a r e  a lu m in u m  p h o s p h a t e  (Tasm an e t  a l , ,  1 95 2 )  a nd  a lu m in u m  
h y d r o x i d e  (Ramon e t  a l , ,  1 9 5 2 a ;  S p e n c e r  e t  a l . ,  1 9 5 6 ;  and  
D e r b y s h i r e ,  1 9 6 0 a ) .  Ramon e t  a l .  ( 1 9 5 2 b ,  c ,  1 9 5 3 )  r e c o m ­
m en d ed  t h e  i n c o r p o r a t i o n  o f  k i l l e d  s t r e p t o c o c c i ,  s t a p h y l o ­
c o c c i ,  o r  E s c h e r i c h i a  c o l l  s u s p e n s i o n s  i n  t h e  S^ . a u r e u s  
t o x o i d s ,  e i t h e r  a l o n e  o r  w i t h  p o t a s s i u m  a lu m  t o  i n c r e a s e  
t h e  l e v e l  o f  i m m u n i t y .
To e n h a n c e  t h e  a n t i g e n i c i t y  o f  c o a g u l a s e  p r e p a r a ­
t i o n s  f o r  r a b b i t  i m m u n i z a t i o n ,  m i n e r a l  o i l  ( B l o b e l  e t  a l , ,  
I 9 6 0 ) ,  a lu m  s u l p h a t e  ( L o m i n s k i  e t  a l . ,  1 9 6 2 ) ,  a n d  F r e u n d  
a d j u v a n t  ( B o r c h a r d t  e t  a l . ,  1 9 6 3 )  h a v e  b e e n  u s e d  s u c c e s s ­
f u l l y .
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MATERIALS AND EXPERIMENTAL METHODS
S t a p h y l o c o c c u s  a u r e u s  s t r a i n s . D u r i n g  t h e  e n t i r e  
s t u d y  p e r i o d ,  s i x  s t r a i n s  i s o l a t e d  f r o m  w e l l  e s t a b l i s h e d  
c a s e s  o f  b o v i n e  m a s t i t i s  w e re  u s e d .  S t o c k  c u l t u r e s  w e r e  
m a i n t a i n e d  i n  f r o z e n  s t a t e  a s  18 h o u r  b r o t h  c u l t u r e s  w i t h  
a n  e q u a l  am ount  o f  s t e r i l e  20% g l y c e r i n e .  The s t r a i n s  
r e p r e s e n t e d  d i f f e r e n t  p h a g e  t y p e s ,  p r o d u c e d  a l p h a  and  b e t a  
h e m o l y s i n s ,  and  w e re  c o a g u l a s e  p o s i t i v e .
S t r a i n s  7 ,  15> 5 7 0 ,  and G er  w e re  u s e d  f o r  v a c c i n e  
p r e p a r a t i o n s ,  s t r a i n s  10 and  570 f o r  c h a l l e n g i n g  t h e  cow s ,  
s t r a i n s  7 and  1531  T or  c h a l l e n g i n g  t h e  r a b b i t s ,  and  s t r a i n s  
570 and 1531  T°r  c h a l l e n g i n g  t h e  m i c e .  S t r a i n  570 was u s e d  
i n  t h e  s t u d i e s  o f  t o x i n  p r o d u c t i o n .
E x p e r i m e n t a l  a n i m a l s . H o l s t e i n - F r e s i a n  f i r s t  c a l f  
h e i f e r s  u s u a l l y  d u r i n g  t h e i r  f i r s t  t o  t h i r d  m o n ths  o f  l a c ­
t a t i o n  w e re  u s e d .  The u d d e r s  o f  a l l  cows w e re  f r e e  f ro m  
b a c t e r i a l  i n f e c t i o n s  a t  t h e  t i m e  o f  c h a l l e n g e .  A l b i n o  
r a b b i t s  o f  b o t h  s e x e s  a b o u t  8 t o  10 w eeks  o l d  and w e i g h i n g  
b e tw e e n  1 . 5  and  2 . 0  k i l o g r a m s  w e re  u s e d .  The s o u r c e  o f  
t h e  s u p p l y  was t h e  same d u r i n g  t h e  e n t i r e  p e r i o d  o f  t h e  
s t u d y .  A n im a ls  w i t h  n a t u r a l  s t a p h y l o c o c c a l  a g g l u t i n i n s  
o f  1:32 o r  o v e r  w e re  n o t  u s e d  f o r  i m m u n o l o g i c a l  s t u d i e s .  
C o m m e r c i a l l y  a v a i l a b l e  m a le  and  f e m a l e  a l b i n o  m ice  w e i g h ­
i n g  a b o u t  20 g ram s w e r e  u s e d  a f t e r  a c c l i m a t i z a t i o n .  F o r  
e a c h  p a r t i c u l a r  e x p e r i m e n t ,  m ic e  f r o m  t h e  same s o u r c e  w ere  
u s e d .
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M e d ia . E x t r a c t  b r o t h  ( D i f c o # ) *  e x t r a c t  a g a r  ( D i f c o * ) >  
v e a l  i n f u s i o n  b r o t h  ( D i f c o # ) ,  h e a r t  I n f u s i o n  b r o t h  ( D i f c o * ) , 
and  t r y p t i c a s e  so y  b r o t h  (BBI/*bc-) w ere  p r e p a r e d  a c c o r d i n g  t o  
t h e  r e c o m m e n d a t io n s  o f  t h e  m ak e rs  o f  t h e  m e d i a .  F o r  N.Z.  
amine b r o t h  ( S h e f f i e l d  C h e m i c a l ,  N o rw ic h ,  New Y ork )  t h e  
c o n s t i t u e n t s  w ere  u s e d  i n  t h e  f o l l o w i n g  p r o p o r t i o n s .
N .Z .  amine t y p e  A (Enzymic d i g e s t  o f  c a s e i n ) .....................2 . 2 5 #




T h ia m in e  (0 .0005%  s o l u t i o n )  . ........................................................ 0.1%
N i c o t i n i c  a c i d  ( 0 . 0 5 #  s o l u t i o n )  . . . . . . . . . . .  0.2l|_#
Ammonium l a c t a t e .   ................................................................   0.5%
D i s t i l l e d  w a t e r  t o .  . . . . . . . .  ........................................  100#
N .Z .  amine and s a l t s  w ere  d i s s o l v e d  i n  d i s t i l l e d  
w a t e r ,  b r o u g h t  t o  b o i l i n g  t e m p e r a t u r e ,  and t h e n  t h e  pH was 
a d j u s t e d  t o  7 .1*  The v i t a m i n s  and ammonium l a c t a t e  s o l u ­
t i o n s  w ere  ad d ed  and t h e  medium was a u t o c l a v e d  f o r  15 
m i n u t e s  a t  15 l b s .  s t e a m  p r e s s u r e  (121 C ) .
M edia  em ployed  f o r  t o x i n  p r o d u c t i o n . One h u n d r e d  
and f i f t y  ml medium o f  e x t r a c t  b r o t h ,  t r y p t i c a s e  soy  b r o t h ,  
v e a l  i n f u s i o n  b r o t h ,  h e a r t  i n f u s i o n  b r o t h ,  and N . Z .  amine 
b r o t h  were s t e r i l i z e d  i n  s e p a r a t e  500 ml E r l e n m e y e r  f l a s k s .  
The c o n t e n t  o f  e a c h  f l a s k  was i n o c u l a t e d  w i t h  10 ml 18 h o u r  
b r o t h  c u l t u r e  o f  s t r a i n  5 7 0 .  One s e t  o f  a l l  t h e  f i v e  m e d ia
#  b i f c o  L a b o r a t o r i e s ,  D e t r o i t ,  M i c h ig a n .
■5H* B a l t i m o r e  B i o l o g i c a l  L a b o r a t o r i e s ,  B a l t i m o r e ,  M a r y l a n d .
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was i n c u b a t e d  u n d e r  s t a t i c  c o n d i t i o n s ,  t h e  s e c o n d  s e t  on 
a  s h a k e r  ( I n c u b a t e r  s h a k e r  -  Model G26, New B ru n sw ick  S c i ­
e n t i f i c  Co. I n c . ,  New J e r s e y )  w i t h  7 0 -8 0  r e v o l u t i o n s  p e r  
m i n u t e ,  and t h e  t h i r d  s e t  on t h e  s h a k e r  i n  an a tm o s p h e r e  o f  
50% 0£ and 50% CC^, T h re e  s e t s  o f  t h e  f i v e  m e d ia  c o m p r i s i n g  
15  f l a s k s  w ere  i n c u b a t e d  a t  37 0 , and  a s e c o n d  and t h i r d  
b a t c h  o f  s i m i l a r  15 f l a s k s  were i n c u b a t e d  a t  3)+ C and J4.O C 
r e s p e c t i v e l y .  T h ree  f l a s k s  o f  h e a r t  i n f u s i o n  b r o t h  w i t h  
1,5%  NaCl c o n c e n t r a t i o n  were  i n c u b a t e d  o n ly  a t  37 C i . e . ,  
one f l a s k  u n d e r  e a c h  o f  t h e  t h r e e  a e r a t i o n  v a r i a b l e s .  Ten 
ml sa m p le s  f rom  a l l  t h e  c u l t u r e  f l a s k s  were c o l l e c t e d  a t  
I4. h o u r ,  8 h o u r ,  12 h o u r ,  16 h o u r ,  2I4. h o u r ,  I4.8 h o u r ,  and 72 
h o u r  i n c u b a t i o n  p e r i o d s .  The oxygen and CO  ^ g a s e s  were  
r e p l a c e d  a t  e a c h  s a m p l in g  t i m e .  The o p t i c a l  d e n s i t y  (0D) 
o f  e a c h  sam ple  w i t h  a p p r o p r i a t e  c o n t r o l s  was r e c o r d e d .  The 
c u l t u r e  sa m p le s  were  t h e n  c e n t r i f u g e d  f o r  t e n  m in u t e s  a t  
lj.000 r e v o l u t i o n s  p e r  m in u t e  (RPM)-* and t h e  s u p e r n a t a n t s  
w ere  k e p t  u n d e r  f r o z e n  c o n d i t i o n s  u n t i l  t h e y  were  exam ined  
f o r  a l p h a  and b e t a  h e m o l y s i n s  and c o a g u l a s e  t i t e r s .
V a c c i n e s . A l l  t h e  v a c c i n e s  u s e d  i n  t h i s  s t u d y  
c o n t a i n e d  e i t h e r  c e l l u l a r  a n t i g e n s  o r  b o t h  c e l l u l a r  and 
d i f f u s i b l e  a n t i g e n s .
V a c c in e s  V - l  and V - 2 . The g r o w th  f rom  18 h o u r  
n u t r i e n t  a g a r  c u l t u r e s  was washed o f f  w i t h  n o r m a l  s a l i n e .
The d e n s i t y  was a d j u s t e d  t o  M c F a r lan d  o p a c i t y  t u b e  1 0 .
I n t e r n a t i o n a l  c e n t r i f u g e ,  u n i v e r s a l  m odel  ITV manu­
f a c t u r e d  by I n t e r n a t i o n a l  E q u ip m en t  C o . ,  Needham H t s . ,  
M ass ,  was u s e d  i n  t h e  e n t i r e  w o rk .
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To one p o r t i o n  o f  t h e  c e l l  s u s p e n s i o n ,  0 .5 %  f o r m a l i n  was 
a d d e d  and t o  a n o t h e r  s i m i l a r  s u s p e n s i o n ,  0 .75%  BPL. The 
i n a c t i v a t i o n  was c a r r i e d  o u t  a t  37 0 .  I t  t o o k  a b o u t  two 
d a y s  t o  I n a c t i v a t e  t h e  f o r m a l i n i z e d  s u s p e n s i o n ,  w h i l e  t h e  
i n a c t i v a t i o n  o f  BPL t r e a t e d  c e l l s  was c o m p l e t e  w i t h i n  f o u r  
t o  f i v e  h o u r s .  The pK o f  t h e  l a t t e r  v a c c i n e  d r o p p e d  t o  
a b o u t  3 . 8  d u r i n g  t h e  I n a c t i v a t i o n  p r o c e s s e s  a n d  was r e t u r n e d  
t o  7 . 0  w i t h  b NaOH. The s t e r i l i t y  o f  v a c c i n e s  was t e s t e d  
i n  t h i o g l y c o l a t e  b r o t h  a n d  on b l o o d  a g a r  p l a t e s ,  and  t h e y  
w e r e  t h e n  s t o r e d  a t  1+ C r e f r i g e r a t i o n  t e m p e r a t u r e  e x c e p t  
when i n  u s e .
V a c c i n e  V - 3 . The b a c t e r i a l  s u s p e n s i o n  was o b t a i n e d  
a s  m e n t i o n e d  u n d e r  v a c c i n e s  V - l  a n d  V - 2 .  The r e s t  o f  t h e  
t e c h n i q u e  was t h e  same as  d e s c r i b e d  by G r e e n b e r g  an d  C o o p e r
( i 9 6 0 ) .  F i v e - t e n t h s  p e r  c e n t  p h e n o l  was a d d e d  i n  t h e  b a c ­
t e r i a l  s u s p e n s i o n  w h i c h  was t h e n  k i l l e d  a t  56 C f o r  one  and  
one  h a l f  h o u r s .  A f t e r  s t e r i l i t y  t e s t i n g ,  1 0 0 , 0 0 0  u n i t s  o f  
D o r n a s e *  w e r e  a d d e d  t o  e v e r y  500 ml o f  t h e  v a c c i n e  s u s p e n ­
s i o n .  The f l a s k  was i n c u b a t e d  a t  37 c f o r  c e l l  l y s i s ,  w h i c h  
t o o k  a b o u t  t h r e e  d a y s .  The v a c c i n e  was c e n t r i f u g e d  a t  3000 
RPM f o r  h a l f  an  h o u r  t o  s p i n  down t h e  few  I n t a c t  c e l l s  l e f t .  
The s u p e r n a t a n t  was c o l l e c t e d  and  s t o r e d  a t  I). C r e f r i g e r a ­
t i o n  t e m p e r a t u r e  a f t e r  s t e r i l i t y  t e s t i n g  on b l o o d  a g a r  p l a t e s  
an d  i n  t h i o g l y c o l a t e  b r o t h .  T h i s  may be r e f e r r e d  t o  as  
p h e n o l y s e d ,  h e a t  k i l l e d ,  d o r n a s e  t r e a t e d  v a c c i n e .
#  D o r n a v a c  f r o m  M e r c k ,  S h a r p ,  and  Dohme, W es t  P o i n t ,  
P e n n s y l v a n i a .
J+0
V a c c i n e  V-U« Washed 18 h o u r  c e l l  s u s p e n s i o n s  were  
c e n t r i f u g e d  a t  IpOOO RPM f o r  15 m i n u t e s .  F i v e - t e n t h s  gram 
o f  s e d i m e n t e d  c e l l s  were  t a k e n  i n t o  e a c h  o f  t h e  two s t a i n ­
l e s s  s t e e l  c y l i n d e r s  o f  K o s s e l ' s  d i s i n t e g r a t o r  w h ic h  a l r e a d y  
c o n t a i n e d  t e n  grams o f  s t e r i l i z e d  g l a s s  b e a d s .  About  10 ml 
o f  0.9%  KC1 s o l u t i o n  was t h e n  added  i n t o  e a c h  o f  t h e  c y l i n ­
d e r s .  The c e l l s  w ere  d i s r u p t e d  f o r  a b o u t  f o u r  and one h a l f  
m i n u t e s  on a l t e r n a t e  c y c l e s  o f  30 s e c o n d s  e a c h .  Between 
t h e  two o p e r a t i o n  c y c l e s ,  t h e  c y l i n d e r s  w ere  a l t e r n a t e l y  
k e p t  c o l d  i n  i c e  w a t e r .  At d i f f e r e n t  t im e  i n t e r v a l s ,  d i s ­
r u p t i o n  o f  t h e  c e l l s  was exam ined  m i c r o s c o p i c a l l y  w i t h  
s t a i n e d  p r e p a r a t i o n s .  At t h e  end  o f  f o u r  and one h a l f  
m i n u t e s  o f  o p e r a t i o n  t i m e ,  a b o u t  80 t o  90% o f  t h e  c e l l s  
were  fo u n d  t o  be d i s r u p t e d .  T w o - t e n t h s  p e r  c e n t  f o r m a l i n  
was t h e n  ad d ed  t o  e n s u r e  s t e r i l i t y  and p r e s e r v a t i o n  o f  t h e  
v a c c i n e .  A f t e r  a s t e r i l i t y  t e s t ,  t h e  v a c c i n e  was k e p t  i n  
a  r e f r i g e r a t o r  a t  Jp C u n t i l  u s e d .
V a c c in e  V - 5 » One ml o f  a  6 h o u r  b r o t h  c u l t u r e  o f  
t h e  v a c c i n e  s t r a i n  and 1 ml o f  S£ p h ag e  h a v i n g  10” ^ t i t e r  
as  r o u t i n e  t e s t  d i l u t i o n  were  i n o c u l a t e d  i n t o  100 ml t r y p t i ­
c a s e  s o y  b r o t h  i n  a 250 ml f l a s k .  The medium was i n c u b a t e d  
f o r  s i x  h o u r s  a t  37 C and o v e r  n i g h t  a t  room t e m p e r a t u r e  
(25  C ) .  The l i q u i d  was t h e n  c e n t r i f u g e d  a t  IpOOO RPM f o r  
15 m i n u t e s  and t h e  s u p e r n a t a n t  was f o r m a l i n i z e d  t o  g i v e  a 
f i n a l  s t r e n g t h  o f  0.2.%* A f t e r  s t e r i l i t y  t e s t i n g ,  t h e  v a c ­
c i n e  was s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  Ip C u n t i l  u s e d .
If.1
V a c c i n e s  V-6 a n d  V - 7 . V e a l  i n f u s i o n  b r o t h  c u l t u r e s  
o f  s t r a i n s  7 ,  1 5 ,  5 7 0 ,  and Ger g rown i n  a n  a t m o s p h e r e  o f  
5 0 $  C0£ and 5 0 $ O2  on a s h a k e r  w e re  h a r v e s t e d  a f t e r  If.8 h o u r s  
o f  i n c u b a t i o n .  The c u l t u r e s  o f  a l l  f o u r  s t r a i n s  w e re  m ix e d ,  
r e s u l t i n g  i n  if. x  10^ v i a b l e  c e l l  c o u n t  p e r  m l .  A f t e r  s e p a ­
r a t i n g  t h e  c e l l s  f ro m  t h e  t o x i n s  by c e n t r i f u g a t i o n ,  t h e  
c e l l s  w e re  d i s i n t e g r a t e d  by N o s s e l ' s  d i s i n t e g r a t o r ,  and 
t h e  d i s i n t e g r a t e d  m a t e r i a l  t h e n  ad ded  t o  t h e  o r i g i n a l  t o x i n .  
One h a l f  o f  t h e  d i s r u p t e d  c e l l  t o x i n  m i x t u r e  was i n a c t i v a t e d  
w i t h  0 . 5 $  f o r m a l i n  ( v a c c i n e  V -6)  and t h e  o t h e r  h a l f  w i t h  
0 , 7 5 $  BPL ( v a c c i n e  V - 7 ) .  The v a c c i n e s  were  s t o r e d  i n  a 
r e f r i g e r a t o r  a t  If. C a f t e r  s t e r i l i t y  t e s t i n g .
V a c c i n e s  V-8 t o  V - 1 2 . T h ese  v a c c i n e s  were  p r e p a r e d  
a s  f o l l o w s :  v a c c i n e  V-8 c o n t a i n e d  f o r m a l i n e  i n a c t i v a t e d
if.8 h o u r  w h o le  b r o t h  c u l t u r e  o f  s t r a i n s  7 ,  15 ,  5 7 0 ,  and Ger  
i n  ea .u a l  p r o p o r t i o n s ;  v a c c i n e  V-9 was s i m i l a r  t o  v a c c i n e  
V-8 e x c e p t  t h a t  i n a c t i v a t i o n  was done  w i t h  b e t a - p r o p i o l a c t o n e ; 
v a c c i n e  V-10 c o n s i s t e d  o f  b e t a - p r o p i o l a c t o n e  d e t o x i f i e d  
t o x i n s  and f o r m a l i n  i n a c t i v a t e d  18 h o u r  n u t r i e n t  a g a r  c u l t u r e  
s u s p e n s i o n s  o f  a l l  f o u r  v a c c i n e  s t r a i n s ;  v a c c i n e  V - l l  was 
p r e p a r e d  s i m i l a r  t o  v a c c i n e  V-10 b u t  c o n t a i n e d  h i g h  b e t a  
t o x i n  and low  c o a g u l a s e  l e v e l s ;  v a c c i n e  V-12 was p r e p a r e d  
s i m i l a r  t o  v a c c i n e  V-10 b u t  c o n t a i n e d  h i g h  c o a g u l a s e  and 
low  b e t a  t o x i n  l e v e l s .  V a c c i n e s  V-8 t o  V-12 c o n t a i n e d  if..2 
b i l l i o n  c e l l s / m l .  The p o t e n c i e s  o f  a l p h a  and b e t a  t o x i n s  
and c o a g u l a s e  a r e  shown i n  t a b l e  1 .
kZ
V a c c i n e s  MV-A and MV-B. T h e s e  w e re  f o r m a l i n i z e d  
m o n o v a l e n t  b a c t e r i n - t o x o i d  v a c c i n e s  o b t a i n e d  f r o m  a commer­
c i a l  c o m p a n y . T h e r e  was no  d i f f e r e n c e  b e tw e e n  t h e  two 
v a c c i n e s  e x c e p t  t h a t  MV-B c o n t a i n e d  a lum inum  h y d r o x i d e  a s  
a d j u v a n t .
V a c c i n e s  PV-A and  PV-B.-:n* A l l  t h e  f o u r  v a c c i n e  
s t r a i n s  w e r e  grown s e p a r a t e l y  i n  v e a l  i n f u s i o n  b r o t h  on 
s h a k e r  u n d e r  50% CC>2 and  50% 0 £ .  A f t e r  I4.8 h o u r s  o f  i n c u ­
b a t i o n ,  t h e  c u l t u r e s  w e re  h a r v e s t e d  and d e t o x i f i e d  s e p a ­
r a t e l y  by 1% BPL. The w h o le  b r o t h  c u l t u r e s  o f  t h e  f o u r  
s t r a i n s  w e re  m ix e d  i n  e q u a l  p r o p o r t i o n s  and  t h e  pH was 
a d j u s t e d  t o  5*5 w i t h  N HC1. The c u l t u r e  was t h e n  d i v i d e d  
e q u a l l y  i n t o  two f l a s k s .
F o r  p r e p a r i n g  v a c c i n e  PV-A, one p a r t  o f  s t e r i l e  
a lum inum  h y d r o x i d e  g e l  was a d d e d  t o  e v e r y  11 p a r t s  o f  i n ­
a c t i v a t e d  b r o t h  c u l t u r e .  A f t e r  a l l o w i n g  i t  t o  s t a n d  f o r  
two h o u r s ,  t h e  pH was a d j u s t e d  t o  6 . 0 .  M e r t h i o l a t e  was 
t h e n  a d d e d  t o  o b t a i n  a f i n a l  c o n c e n t r a t i o n  o f  1 : 10 , 000.
F o r  v a c c i n e  PV-B, t o  e v e r y  f o u r  p a r t s  o f  t h e  i n ­
a c t i v a t e d  b r o t h  c u l t u r e  one  p a r t  o f  a lum inum  h y d r o x i d e  
was a d d e d .  The m i x t u r e  was t h o r o u g h l y  s h a k e n  and  t h e n  
a l l o w e d  t o  s e t t l e  i n  a m e a s u r i n g  c y l i n d e r .  A f t e r  s e t t l i n g ,  
t h e  m i x t u r e  was r e - s h a k e n  and  a l l o w e d  t o  s e t t l e  a g a i n .
■a A m e r ic an  Cyanam id  C o . ,  P r i n c e t o n ,  Hew J e r s e y .
•SB* K i n d l y  p r e p a r e d  by D r .  C l a r a  H. B a r t l e y .  D e p t ,  o f  
M i c r o b i o l o g y ,  U n i v .  o f  New H a m p s h i r e ,  Durham, N.H. 
and  u s e d  t o  v a c c i n a t e  d a i r y  c a t t l e .
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A f t e r  t h e  s e c o n d  s e t t l i n g ,  t h r e e - f i f t h s  o f  t h e  l i q u i d  f r o m  
t h e  t o p  was rem o v e d  r e t a i n i n g  t h e  t w o - f i f t h s  c o n c e n t r a t e d  
l i q u i d  a t  t h e  b o t t o m .  The pH was a d j u s t e d  t o  6 . 0 .  M e r t h i o -  
l a t e  1 : 1 0 , 0 0 0  s t r e n g t h  was a d d e d  a s  p r e s e r v a t i v e .  V a c c i n e s  
PV-A a n d  PV-B w e re  t e s t e d  f o r  s t e r i l i t y  and  s t o r e d  u n d e r  
r e f r i g e r a t i o n  a t  i|. C.
V a c c i n e  PV -C . T h i s  was p r e p a r e d  t h e  same way as  
v a c c i n e  PV-B e x c e p t  t h a t  N . Z .  am ine  b r o t h  medium was u s e d  
i n s t e a d  o f  v e a l  i n f u s i o n  b r o t h  and  f o r m a l i n  i n  0 .6%  c o n c e n ­
t r a t i o n  was u s e d  as  t h e  i n a c t i v a t i n g  a g e n t .  The v a c c i n e  
was t e s t e d  f o r  s t e r i l i t y  an d  p r e s e r v e d  w i t h  1 : 1 0 , 0 0 0  m e r -  
t h i o l a t e  b e f o r e  b e i n g  s t o r e d  u n d e r  r e f r i g e r a t i o n .  V a c c i n e s  
PV-A, PV-B, and  PV-C c o n t a i n e d  [|_ x  10^  b i l l i o n  c e l l s  p e r  
ml b e f o r  i n a c t i v a t i o n .
V a c c i n e s  V - l  t o  V - 5 ,  MV-A and  MV-B w e re  p r e p a r e d  
f r o m  s t r a i n  7« O t h e r  v a c c i n e s  w e r e  p o l y v a l e n t  i n  c h a r a c t e r  
and c o n t a i n e d  s t r a i n s  7 ,  15> 5 7 0 ,  and  G e r .
The t i t e r s  o f  c o a g u l a s e  and h e m o l y s i n s  i n  c e l l  t o x ­
o i d  v a c c i n e s  b e f o r e  i n a c t i v a t i o n  a r e  shown i n  t a b l e  1 .
P r o c e d u r e  o f  i m m u n i z a t i o n . I n  r a b b i t s  t h e  v a c c i n a ­
t i o n  was c a r r i e d  o u t  i n t r a v e n o u s l y  f o r  t h r e e  w e e k s ,  t h r e e  
t o  f o u r  c o n s e c u t i v e  d a y s  p e r  w e e k .  The o r d e r  o f  d o s e s  was 
0 . 1  m l ,  0 . 2 m l ,  0 . 3  m l ,  and  O.lj. m l  i n  t h e  f i r s t  w e ek ;  0 ,1|_ m l ,  
0 . 6  m l ,  0 . 8  m l ,  and  1 ml I n  t h e  s e c o n d  w eek ;  1 m l ,  1 . 2  m l ,  
and  1 . 5  ml i n  t h e  t h i r d  w e e k .  The d o s e s  o f  v a c c i n e s  V - 3 ,  
V-i}., a n d  V-5 w e re  d e t e r m i n e d  on t h e  b a s i s  o f  t h e i r  p r o t e i n  
c o n t e n t  w h i c h  was c a l c u l a t e d  t o  be 1 . 0 ,  3*5* and  1 0 . 0  mgs
1*4
T a b l e  1
P o t e n c i e s  o f  c o a g u l a s e  and  h e m o l y s i n s  i n  v a r i o u s  
c e l l  t o x o i d  v a c c i n e s .
V a c c i n e s
feec i p r o c a l  o f  t h e  t i t e r s / m l
Co g u l a s e A lp h a  h e m o l y s i n  B e t a  h e m o l y s i n
PV-6 512 1152 1280
PV-7 512 1152 1280
PV-8 2112 262]+ 1021+
PV-9 2112 2621+ 1021+
PV-10 2112 2621+ 1021+
PV-11 128 1536 16635
PV -12 I 638I+ 1707 341
PV-A 512 1152 1280
PV-B 512* 1152* 1280*
PV-C 3072* 900* 1821+*
•5* I n d i c a t e s  c a l c u l a t i o n  b e f o r e  c o n c e n t r a t i o n .
r e s p e c t i v e l y .  F o r  v a c c i n e s  V-3 a^d  V-1+, 12 t o  13 m gs,  and  
f o r  v a c c i n e  V -5 ,  50 ° f  p r o t e i n  was I n j e c t e d  i n t o  e a c h
r a b b i t .  B lo o d  was c o l l e c t e d  f o r  se ru m  s e p a r a t i o n  one  week 
a f t e r  t h e  l a s t  I n j e c t i o n .
I n  c o w s ,  v a c c i n e s  w e re  i n j e c t e d  i n t r a m u s c u l a r l y  
One 10 ml d o se  o f  v a c c i n e  MV-A and  MV-B f o l l o w e d  by a  s e c o n d  
10 ml d o se  a f t e r  f o u r  weeks  was g i v e n  t o  two cows s e p a r a t e l y .  
B l o o d  s e r a  w ere  c o l l e c t e d  a t  w e e k l y  i n t e r v a l s  t o  be u s e d
ifr* The v a c c i n a t i o n  was c a r r i e d  o u t  by D r .  F . E .  A l l e n .  
D e p t ,  o f  M i c r o b i o l o g y ,  U n i v .  o f  New H a m p s h i r e ,
D urham , N. H.
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f o r  a n t i b o d y  t i t r a t i o n s .  E ach  o f  t h e  v a c c i n e s  PV-A, PV-B, 
and  PV-C were  i n j e c t e d  s e p a r a t e l y  i n t o  a  g ro u p  o f  f i v e  cows.  
A l l  cows r e c e i v e d  two d o s e s  o f  S ml e a c h  a t  an i n t e r v a l  o f  
two w e e k s .  Blood s a m p le s  w ere  c o l l e c t e d  a t  s u i t a b l e  t im e  
i n t e r v a l s  and a l s o  a t  t h e  t i m e  o f  in t r a m am m ary  c h a l l e n g e .  
S e r a  f rom  c o n t r o l  cows were  a l s o  t e s t e d  f o r  a n t i b o d i e s  a t  
t h e  t im e  o f  c h a l l e n g e .  A l l  a n i m a l s  w ere  t e s t e d  f o r  n o r m a l  
a n t i b o d i e s  b e f o r e  i m m u n i z a t i o n .
C o l l e c t i o n  and p r e s e r v a t i o n  o f  b lo o d  s e r a . I n  
r a b b i t s  b l e e d i n g  was done f ro m  t h e  m a r g i n a l  e a r  v e i n .
About  20 ml b lo o d  was c o l l e c t e d  f rom  e a c h  r a b b i t  i n  a 
l a r g e  w ide  m outh  SO ml t e s t  t u b e .  The c l o t t e d  b lo o d  was 
s t o r e d  o v e r  n i g h t  a t  I4. C r e f r i g e r a t i o n  t e m p e r a t u r e .  The 
se rum  f ro m  e a c h  b l o o d  sam ple  was c o l l e c t e d  a s e p t i c a l l y  and 
t h e n  i n a c t i v a t e d  a t  0 f o r  30 m i n u t e s .  A f t e r  t h e  a d d i ­
t i o n  o f  m e r t h i o l a t e  i n  a f i n a l  c o n c e n t r a t i o n  o f  1 : 10, 000, 
t h e  s e r a  was f r o z e n  u n t i l  u s e d .  The e x p e r i m e n t a l  and 
c o n t r o l  cows were  b l e d  t h r o u g h  t h e  j u g u l a r  v e i n .  The 
s e p a r a t i o n ,  i n a c t i v a t i o n ,  and p r e s e r v a t i o n  o f  s e r a  were  
done a c c o r d i n g  t o  t h e  p r o c e d u r e s  m e n t i o n e d  f o r  r a b b i t  s e r a .
P r o c e d u r e s  o f  c h a l l e n g e . R a b b i t s  were  c h a l l e n g e d  
n i n e  days  a f t e r  t h e  l a s t  i n j e c t i o n .  A l l  e x p e r i m e n t a l  and 
c o n t r o l  r a b b i t s  were  c h a l l e n g e d  i n t r a v e n o u s l y  w i t h  1 ml o f  
18 h o u r  t r y p t i c a s e  soy b r o t h  c u l t u r e s  o f  s t r a i n s  7 and 
1 5 3 1 .  The c h a l l e n g e  d o s e s  were  d e t e r m i n e d  by i n j e c t i n g  
1 ml d i l u t e d  and u n d i l u t e d  18 h o u r  t r y p t i c a s e  so y  b r o t h  
c u l t u r e s  i n t o  c o n t r o l  r a b b i t s .  D i l u t e d  c u l t u r e s  d i d  n o t
1*6
k i l l  a l l  r a b b i t s  w h e r e a s  u n d i l u t e d  c u l t u r e s  k i l l e d  n e a r l y  
a l l  t h e  i n j e c t e d  r a b b i t s  i n  a b o u t  two w e e k s .  The num b er  
o f  v i a b l e  c e l l s  p e r  ml was 3*1 x  10^ and  3 . 1* x  109 i n  t h e  
c h a l l e n g e  d o s e s  o f  s t r a i n s  7 and 1531  r e s p e c t i v e l y .  Mor­
t a l i t y  was o b s e r v e d  f r o m  two t o  f o u r  w eeks  i n  d i f f e r e n t  
e x p e r i m e n t s .
F i f t e e n  e x p e r i m e n t a l  and  f i v e  c o n t r o l  cows w e re  
c h a l l e n g e d  t h r o u g h  t h e  t e a t  c a n a l s . *  A f t e r  two w eeks  o f  
t h e  s e c o n d  i n j e c t i o n ,  r i g h t  r e a r  (RR) and  l e f t  f r o n t  (LF) 
q u a r t e r s  o f  a l l  20 cows w ere  c h a l l e n g e d  w i t h  s t r a i n  10 
( h e t e r o l o g o u s )  and s t r a i n  570 ( h o m o lo g o u s )  r e s p e c t i v e l y .
The a v e r a g e  nu m b er  o f  o r g a n i s m s  i n  e a c h  i n o c u l u m  ( i n  1 ml 
s k im  m i l k )  o f  s t r a i n  10 w e re  79 and  o f  s t r a i n  570 w e re  2 9 .
The d e t a i l s  o f  p r e p a r i n g  t h e  i n o c u l u m  and  t h e  i n j e c t i o n s  
w e re  t h e  same a s  h a s  b e e n  d e s c r i b e d  by S l a n e t z  e t  a l .  ( 1 9 6 3 ) .
O p t i c a l  d e n s i t y  ( 0 D ) . The o p t i c a l  d e n s i t y  o f  c u l ­
t u r e s  f o r  t h e  m e a s u r e m e n t  o f  c e l l  g r o w t h  was d e t e r m i n e d  
w i t h  t h e  B a u s c h  and  Lomb S p e c t r o n i c - 2 0  C o l o r i m e t e r * *  a t  a  
wave l e n g t h  o f  590 m/1. The i n s t r u m e n t  was s e t  a t  z e r o  
OD w i t h  a p p r o p r i a t e  c o n t r o l  s a m p le s  b e f o r e  r e c o r d i n g  t h e  
OD o f  t h e  c u l t u r e s .
P r o t e i n  m e a s u r e m e n t . P r o t e i n  d e t e r m i n a t i o n  was 
done  by t h e  F o l i n - c i o c a l t e a u  p h e n o l  r e a c t i o n  m o d i f i e d  by 
Lowry e t  a l .  ( 1 9 5 1 ) .  The o p t i c a l  d e n s i t y  r e a d  a t  660 m/b
*  The c h a l l e n g e  d o s e s  w e re  a d m i n i s t e r e d  by D r .  F . E .
A l l e n .
* *  B a u s c h  a nd  Lomb O p t i c a l  C o . ,  R o c h e s t e r ,  New Y o r k .
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i n  a B ausch  and Lomb S p e c t r o n i c - 2 0 .  Bovine  p l a s m a  a lb u m in  
was u s e d  as  r e f e r e n c e  s t a n d a r d .
T i t r a t i o n  o f  a l p h a  h e m o l y s i n . U s in g  n o r m a l  s a l i n e  
a s  d i l u t a n t ,  t o x i n  s a m p le s  i n  1 ml q u a n t i t y  w ere  d i l u t e d  
s e r i a l l y  two f o l d .  An e q u a l  amount  o f  1% w ashed  r a b b i t  
r e d  b lo o d  c e l l s  was added  t o  e a c h  d i l u t i o n .  One c o n t r o l  
t u b e  h a v i n g  1 ml s a l i n e  s o l u t i o n  and 1 ml 1 % r a b b i t  c e l l s  
was a l s o  s e t  u p .  The t e s t  s p e c im e n s  w ere  i n c u b a t e d  f o r  
one h o u r  i n  a  w a t e r  b a t h  a t  37 0 and  t h e n  l e f t  o v e r  n i g h t  
a t  0 .  C om ple te  h e m o l y s i s  was c o n s i d e r e d  t h e  end p o i n t  
o f  t h e  t i t e r s .
T i t r a t i o n  o f  b e t a  h e m o l y s i n . The p r o c e d u r e  f o l l o w e d  
was t h e  same as  m e n t i o n e d  f o r  a l p h a  h e m o l y s i n  e x c e p t  t h a t  
1$ w ashed  s h e e p  r e d  b l o o d  c e l l s  were  u s e d  i n  p l a c e  o f  r a b ­
b i t  r e d  b l o o d  c e l l s .
T i t r a t i o n  o f  f r e e  c o a g u l a s e . I n  13 x 100 mm te s t -  
t u b e s ,  two f o l d  s e r i a l  d i l u t i o n s  o f  t h e  t o x i n s  w ere  p r e p a r e d .  
The q u a n t i t y  o f  t h e  d i l u t e d  t o x i n  i n  e a c h  t e s t  t u b e  was 1 ml 
and t h e  d i l u e n t  u s e d  was 1% s t e r i l e  p e p t o n e  w a t e r  c o n t a i n i n g  
1 : ^ 0 0 0  m e r t h i o l a t e  as a p r e s e r v a t i v e .  One ml o f  20% human 
p l a s m a  ( d i l u t e d  i n  n o r m a l  s a l i n e  s o l u t i o n )  was t h e n  added  
i n t o  e a c h  t o x i n  d i l u t i o n ,  and t h e  t u b e s  were  i n c u b a t e d  a t  
37 C w a t e r  b a t h  f o r  f o u r  h o u r s  and o v e r  n i g h t  a t  room t e m ­
p e r a t u r e .  One c o n t r o l  t u b e  c o n t a i n i n g  1 ml 20% p l a s m a  and 
1 ml s a l i n e  was r u n  w i t h  t h e  t e s t .  The c l o t t i n g  was d e t e r ­
m ined  by e x a m in in g  t h e  t i t e r s  w i t h  g e n t l e  t a p p i n g  i n  I n d i ­
r e c t  l i g h t  a g a i n s t  a  b l a c k  b a c k g r o u n d .  The d e g r e e s  o f
c l o t s  were  a s s i g n e d  lj+ ( c o m p l e t e  s o l i d  c l o t ) ,  3+ ( c l o t  w i t h  
s m a l l  amount o f  l i q u i d  on t h e  t o p  o r  t h e  s i d e s ) ,  2+ ( c l o t ­
t i n g  a b o u t  o n e - t h i r d  t o  o n e - f o u r t h  o f  t h e  p l a s m a  f l u i d  
l e a v i n g  r e s t  u n c l o t t e d ) ,  and + ( a  v e r y  s m a l l  b u t  a d e f i n i t e  
and d i s t i n c t  c l o t ) .  D i l u t i o n s  show ing  up t o  + c l o t  w ere  
c o n s i d e r e d  t h e  end p o i n t  o f  t h e  t i t e r s ,  w h ic h  was r e f e r r e d  
t o  as one minimum c l o t t i n g  d o se  ( M .C .D . ) .
T i t r a t i o n  o f  a l p h a  a n t i t o x i n . F o r  t h e  d e t e r m i n a ­
t i o n  o f  t h e  h e m o l y t i c  t e s t  do se  o f  t h e  t o x i n  (Lh d o s e ) ,  
one u n i t  o f  s t a n d a r d  a l p h a  a n t i t o x i n *  c o n t a i n e d  i n  0.5 ml 
was added  t o  e a c h  0.5 ml two f o l d  s e r i a l  d i l u t i o n  o f  a l p h a  
t o x i n .  The m i x t u r e s  were  s h a k e n  and a l l o w e d  t o  r e a c t  a t  
room t e m p e r a t u r e .  A f t e r  20 m i n u t e s  o f  r e a c t i o n  p e r i o d ,
1 ml 1 % w ashed  r a b b i t  r e d  b lo o d  c e l l s  were  added t o  a l l  
t h e  t u b e s  and t h e  m i x t u r e  was i n c u b a t e d  a t  37 C w a t e r  b a t h  
f o r  one h o u r .  The h i g h e s t  t o x i n  d i l u t i o n  show ing  $0% 
h e m o l y s i s  i n  t h e  p r e s e n c e  o f  one u n i t  o f  s t a n d a r d  a n t i t o x i n  
was t h e  Lh d o se  o f  t h e  t o x i n  w h ic h  was u se d  i n  t h e  a n t i ­
t o x i n  t i t r a t i o n  o f  t h e  t e s t  se ru m .  To a s e r i e s  o f  two 
f o l d  0.5 ml t e s t  se rum  d i l u t i o n s  0.5 ml o f  s t a n d a r d  t o x i n  
(Lh d o s e )  was a d d e d .  The m i x t u r e  was sh a k en  and a l lo w e d  
t o  r e a c t  a t  room t e m p e r a t u r e  f o r  20 m i n u t e s .  One ml o f  
1 % r a b b i t  r e d  b l o o d  c e l l s  were  t h e n  ad d ed  t o  e a c h  t u b e  and 
i n c u b a t e d  f o r  one h o u r  a t  37 C w a t e r  b a t h .  The h i g h e s t  
d i l u t i o n  show ing  %0 % h e m o l y s i s  was t h e  end p o i n t  o f  t h e
* R e c e iv e d  f rom  N a t i o n a l  I n s t i t u t e  o f  H e a l t h ,
Bethesda, Maryland.
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a n t i t o x i n  t i t r a t i o n .  T h i s  d i l u t i o n ,  when m u l t i p l i e d  by  a  
f a c t o r  o f  tw o ,  g a v e  a n t i t o x i n  u n i t s  p e r  ml i n  t h e  t e s t  
s e r u m .  Two c o n t r o l s ,  one h a v i n g  1 ml  o f  1% r e d  b l o o d  c e l l s  
and 1 ml o f  n o r m a l  s a l i n e  and  t h e  s e c o n d  w i t h  one u n i t  ( i n
0 . 5  m l)  o f  s t a n d a r d  a n t i t o x i n  , one Lh d o se  o f  t h e  t o x i n  
( i n  0 . 5  m l ) ,  and  1 ml o f  1 % r a b b i t  r e d  b l o o d  c e l l s ,  w e re  
a l s o  s e t  u p .
T i t r a t i o n  o f  b e t a  a n t i t o x i n . The p r o c e d u r e  was 
t h e  same as  h a s  b e e n  m e n t i o n e d  f o r  a l p h a  a n t i t o x i n  t i t r a ­
t i o n  e x c e p t  t h a t  (1 ) one  u n i t  o f  s t a n d a r d  b e t a  a n t i t o x i n  
was u s e d  f o r  d e t e r m i n i n g  t h e  Lh d o se  o f  s e m i - p u r i f i e d  b e t a  
t o x i n ;  ( 2 ) one p e r  c e n t  s h e e p  r e d  b l o o d  c e l l s  w e re  u s e d  
i n s t e a d  o f  r a b b i t  r e d  b l o o d  c e l l s ;  ( 3 ) t h e  i n c u b a t i o n  p e r i o d  
was one h o u r  a t  37 0 w a t e r  b a t h  f o l l o w e d  by o v e r  n i g h t  r e ­
f r i g e r a t i o n  t e m p e r a t u r e  a t  ^  C .
T i t r a t i o n  o f  a n t i c o a g u l a s e . A n t i b o d i e s  i n h i b i t i n g  
c o a g u l a s e  w ere  m e a s u r e d  by d e t e r m i n i n g  t h e  h i g h e s t  d i l u ­
t i o n  o f  t h e  t e s t  se rum  w h i c h  c o m p l e t e l y  i n h i b i t e d  t h e  c l o t ­
t i n g  a c t i v i t y  o f  two minimum c l o t t i n g  d o s e s  ( M . C . D . ) .  The 
m e th o d  o f  d e t e r m i n i n g  t h e  M . C . D .  h a s  a l r e a d y  b e e n  d e s c r i b e d  
u n d e r  c o a g u l a s e  t i t r a t i o n .  F i v e - t e n t h s  ml o f  t h e  c o a g u l a s e  
c o n t a i n i n g  two M . C . D .  was m ix e d  w i t h  0 . 5  ml o f  two f o l d  
t e s t  s e ru m  d i l u t i o n s  and i n c u b a t e d  f o r  30 m i n u t e s  a t  37 C. 
Then 1 ml o f  2 0 ^  human p l a s m a  was a d d e d .  The m i x t u r e  was 
i n c u b a t e d  f o r  f o u r  h o u r s  a t  37 C w a t e r  b a t h  and o v e r  n i g h t  
a t  room t e m p e r a t u r e .  H i g h e s t  s e ru m  d i l u t i o n  i n h i b i t i n g  t h e  
c l o t  f o r m a t i o n  was c o n s i d e r e d  t h e  e n d  p o i n t  o f  c o a g u l s . s e
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t i t r a t i o n .  One c o n t r o l  h a v i n g  two M.C.D. o f  c o a g u l a s e  c o n ­
t a i n e d  i n  0.5 ml and 0.5 ml d i l u t i n g  f l u i d  w i t h  1 ml o f  20% 
human p l a s m a  and t h e  s e c o n d  c o n s i s t i n g  o f  1 ml d i l u t i n g  
f l u i d  and 1 ml o f  p l a s m a  d i l u t i o n  w ere  a l s o  i n c l u d e d  i n  t h e  
t e s t .  The h i g h e s t  d i l u t i o n  o f  t h e  se ru m  i n h i b i t i n g  t h e  
c l o t  f o r m a t i o n ,  when m u l t i p l i e d  by a f a c t o r  o f  2 , gave  t h e  
t i t e r  p e r  m l .
H e m a g g l u t i n a t i o n  t e a t  f o r  d e t e r m i n i n g  t h e  a n t i l e u c o -  
c i d i n  t i t e r s . The h e m a g g l u t i n a t i o n  t e s t  d e s c r i b e d  by Mark­
ham (19&1) was e m p lo y e d .  Sheep  r e d  b lo o d  c e l l s ,  p r e v i o u s l y  
3t o r e d  f o r  t h r e e  days  i n  A l s e v e r  s o l u t i o n ,  were  washed 
t h r i c e  w i t h  n o r m a l  s a l i n e  a o l u t i o n .  F o r  t a n n i n g  t h e  s h e e p  
r e d  b lo o d  c e l l s ,  a 2 % c e l l  s u s p e n s i o n  was add ed  t o  e q u a l  
p a r t s  o f  1 : 20,000 f r e s h l y  p r e p a r e d  t a n n i c  a c i d  s o l u t i o n .
The m i x t u r e  was i n c u b a t e d  a t  37 C f o r  t e n  m i n u t e s ,  t h e n  
w ashed  w i t h  b u f f e r e d  s a l i n e  s o l u t i o n  w i t h  a pH o f  7 . 2  
(M/15 p h o s p h a t e  and so d iu m  c h l o r i d e  s o l u t i o n ) .  The c e l l s  
w ere  f i n a l l y  r e - s u s p e n d e d  i n  s a l i n e  t o  make a 2 % s u s p e n s i o n .
Tanned  s h e e p  c e l l s  were  s e n s i t i z e d  by m ix in g  e q u a l  
v o lum es  o f  c e l l  s u s p e n s i o n  and a s o l u t i o n  c o n t a i n i n g  [|X+ 
u n i t s  o f  f a s t  o r  s lo w  c o m p o n e n ts*  e i t h e r  s e p a r a t e l y  o r  i n  
a  c o m b i n a t i o n  o f  b o t h  i n  b u f f e r e d  s a l i n e  s o l u t i o n  w i t h  pH 
6 .J4.. (L+ = s m a l l e s t  amount o f  l e u c o c i d i n  i n  1 ml i n  t h e
p r e s e n c e  o f  1 u n i t  o f  a n t i t o x i n  w h ic h  w i l l  k i l l  m a c ro p h a g e s  
u n d e r  t h e  t e s t  c o n d i t i o n s . )  The s e n s i t i z a t i o n  was a l l o w e d
  4
*  K i n d l y  s u p p l i e d  by D r .  G .P .  G l a d s t o n e .  U n i v .  o f  
O x f o r d ,  L ondon ,  E n g l a n d .
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at room temperature for ten minutes. The excess of leuco- 
cidin was than washed off at 2000 RPM for three minutes.
The cells were washed once with normal saline and once more 
with saline with 0.5$> normal rabbit serum. The cells were 
stored in a refrigerator as 2% suspension in normal rabbit 
serum saline solution.
Duplicate sets of two fold serial dilutions of test 
sera were prepared in 5 x 1 cm tubes using normal rabbit 
serum saline as diluent. Each tube contained 0.2 ml serum 
dilution. To one row of the tubes, sheep cells sensitized 
with Past Component and to the second row, cells sensitized 
with Slow Component were added in 0.02 ml quantity. When 
the cells were sensitized with equal parts of Fast and Slow 
Components (2L+ each), only one row of tubes was run. After 
shaking the mixtures, the tubes remained at room temperature 
over night. The results were recorded after observing the 
patterns of the cells. Tubes showing a layer of uniformly 
agglutinated cells covering the bottom were considered as 
positive. The negative results were shown as compact, 
sharply demarcated discs of sedimented cells in the center 
of the bottom of the tube. Control tests consisted of 
sensitized sheep cells (Fast and Slow) and tanned sheep 
cells using diluting fluid in place of serum dilutions. 
Normal cow or rabbit serum in various dilutions were also 
run as controls using sensitized (F and S factors) and 
tanned sheep cells separately.
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A g g l u t i n a t i o n . The a g g l u t i n a t i o n  t e s t  was p e r f o r m e d  
on a  l a r g e  g l a s s  p l a t e  w i t h  l ” x  l ” s q u a r e s  made f r o m  e n a m e l  
p a i n t .  F o r m a l l n i z e d  c e l l  s u s p e n s i o n s  f r o m  18 h o u r  n u t r i e n t  
a g a r  c u l t u r e s  o f  a p p r o p r i a t e  s t r a i n s  i n  1 % s a l i n e  s o l u t i o n  
w e r e  u s e d  a s  a n t i g e n s  a f t e r  a d j u s t i n g  t h e  o p a c i t y  t o  McFar­
l a n d  t u b e  # 1 0 .  Two f o l d  s e ru m  d i l u t i o n s  w e re  p r e p a r e d  
u s i n g  1 % s a l i n e  s o l u t i o n  and one  d r o p  o f  e a c h  d i l u t i o n  
( s t a r t i n g  f ro m  h i g h e s t  t o  l o w e s t  d i l u t i o n )  was p u t  on one 
s q u a r e  o f  t h e  g l a s s  p l a t e .  One d r o p  o f  t h e  a n t i g e n  was 
t h e n  a d d e d  on e a c h  s e r u m  d i l u t i o n  d r o p  and  m ix e d  w i t h  a  
t h i c k  p l a t i n u m  l o o p .  The p l a t e  was r o t a t e d  a  few t i m e s  
c l o c k w i s e  o r  a n t i - c l o c k w i s e  an d  t h e n  k e p t  f o r  10 t o  12 
m i n u t e s  a t  37 C f o r  a g g l u t i n a t i o n  r e a c t i o n .  The r e s u l t s  
w e re  r e c o r d e d  a g a i n s t  a  b l a c k  b a c k g r o u n d  u s i n g  i n d i r e c t l y  
t r a n s m i t t e d  l i g h t .  B a c t e r i a l  c e l l  s u s p e n s i o n s  u s e d  as 
a n t i g e n s  w e re  c h e c k e d  f o r  a u t o - a g g l u t i n a t i o n .  F o u r  se ru m  
s a m p le s  w e r e  t e s t e d  a t  a  t im e  a g a i n s t  t h e  same s t r a i n .
I m m u n o d i f f u s i o n  t e s t . T h i s  t e s t  was p e r f o r m e d  i n  
p l a t e s  as w e l l  as  on m i c r o s c o p i c  s l i d e s .  F o r  p l a t e s  t h e  
m e th o d  o f  O u c h t e r l o n y  (191+9) was f o l l o w e d  w i t h  s l i g h t  m o d i ­
f i c a t i o n .  E i g h t - t e n t h s  p e r  c e n t  Io n  a g a r  ( o x o i d )  was u s e d  
i n  a  s o l u t i o n  c o n t a i n i n g  0 . 8% so d iu m  c h l o r i d e  and  a 1 : 10,000 
c o n c e n t r a t i o n  o f  m e r t h i o l a t e .  I n  s c r u p u l o u s l y  c l e a r  f l a t  
b o t to m e d  p e t r i  d i s h e s  o f  f o u r  i n c h  d i a m e t e r ,  one  c e n t r a l  
and  f i v e  o r  s i x  p e r i p h e r a l  s t a i n l e s s  s t e e l  c y l i n d e r s  (8 mm 
d i a m e t e r )  w e re  a r r a n g e d  I n  s u c h  a way t h a t  t h e  d i s t a n c e  
f r o m  c e n t r a l  t o  p e r i p h e r a l  c y l i n d e r s  was 8 mm a n d  b e tw e e n
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two a d j o i n i n g  p e r i p h e r a l  c y l i n d e r s  a b o u t  1 cm F i f t e e n  ml 
o f  m e l t e d  a g a r  was t h e n  p o u r e d  i n t o  e a c h  p l a t e  and  a l l o w e d  
t o  c o o l .  When t h e  a g a r  was h a r d e n e d ,  t h e  c y l i n d e r s  w e r e  
r em o v e d  and t h e  b o t t o m s  o f  t h e  c u p s  w ere  s e a l e d  w i t h  m e l t e d  
a g a r .  E i t h e r  t h e  s e r a  w e re  a d d e d  i n  t h e  c e n t r a l  and  t h e  
a n t i g e n s  I n  t h e  p e r i p h e r a l  w e l l s  o r  an a l t e r n a t i v e  a r r a n g e ­
m e n t  was f o l l o w e d .  The r e a c t i o n  was a l l o w e d  t o  o c c u r  f o r  
2lg h o u r s  a t  room t e m p e r a t u r e  and  ij.8 h o u r s  a t  r e f r i g e r a t i o n  
t e m p e r a t u r e  ()+ C) b e f o r e  r e c o r d i n g  t h e  r e s u l t s .  F o r  s l i d e  
i m m u n o d i f f u s i o n  t e s t  t h e  m e th o d  d e s c r i b e d  by O u c h t e r l o n y  
( 1962) was f o l l o w e d .
F o r  b e t t e r  d i f f e r e n t i a t i o n  o f  t h e  p r e c i p i t a t i o n  
l i n e s ,  t h e  s l i d e s  o r  t h e  p l a t e s  w e r e  d r i e d  and  s t a i n e d  w i t h  
a z o c a r m i n e  ( 5  mg i n  100 ml  o f  2% a c e t i c  a c i d ) .  A f t e r  s t a i n ­
i n g ,  t h e y  w ere  r i n s e d  i n  2 % a c e t i c  a c i d  a n d  d r i e d .
Mouse p r o t e c t i o n  t e s t . F o r  t e s t i n g  t h e  p r o t e c t i o n  
p o w e r  o f  t h e  n o r m a l  a n d  immune s e r a  a g a i n s t  c h a l l e n g e  d o s e s  
o f  S .  a u r e u s  i n  m i c e ,  v a r i o u s  f o u r  f o l d  d i l u t i o n s  w e r e  m ade .  
E a c h  d i l u t i o n  was i n j e c t e d  i n t o  a  b a t c h  o f  f i v e  m i c e .  The 
d o s e  was 0 . 5  ml by i n t r a p e r i t o n i a l  r o u t e .  A f t e r  18 h o u r s ,  
a  t r y p t i c a s e  s o y  b r o t h  c u l t u r e  o f  t h e  c h a l l e n g e  s t r a i n  
g row n f o r  18 h o u r s  was i n j e c t e d  I n t r a p e r l t o n i a l l y  I n  0 . 5  
m l  d o s e s .  B r o t h  c u l t u r e s  o f  s t r a i n  7 w ere  d i l u t e d  t o  1 : 3  
a n d  t h a t  o f  s t r a i n  1531  t o  1 : 2  b e f o r e  i n o c u l a t i o n s .  T h e s e  
i n o c u l u m s  g e n e r a l l y  k i l l e d  t h e  c o n t r o l  m i c e .  The r a t e  o f  
m o r t a l i t y  was r e c o r d e d  up  t o  f i v e  d a y s  and t h e  5 0 % p r o t e c ­
t i o n  p o w e r  o f  t h e  s e r a  was c a l c u l a t e d  by t h e  m e th o d  o f  Reed
and  Muench (1 9 3 8 )  ( s e e  a p p e n d i x ) .  The p r o t e c t i o n  pow er  
o f  t h e  n o r m a l  s e r a  was t e s t e d  f o r  c o m p a r i s o n .
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RESULTS
A. FACTORS AFFECTING THE PRODUCTION OF 
ALPHA AND BETA TOXINS AND COAGULASE
T h r e e  v a r i a b l e s ,  n a m e ly  t e m p e r a t u r e ,  a e r a t i o n ,  and 
medium w e r e  u s e d  t o  d e t e r m i n e  t h e  o p t i m a l  c o n d i t i o n s  f o r  
t h e  p r o d u c t i o n  o f  a l p h a  and  b e t a  h e m o l y s i n s  and  c o a g u l a s e  
by  S .  a u r e u s . One s t r a i n  o f  S .  a u r e u s  ( 5 ? 0 )  was u t i l i z e d  
f o r  t h e s e  s t u d i e s .  The c u l t u r e  s a m p le s  w e re  w i t h d r a w n  f o r  
t h e  t i t r a t i o n s  o f  t h e  t o x i n s  e v e r y  I4. h o u r s  f o r  t h e  f i r s t  16
h o u r s  and  a t  21+ h o u r s ,  1+8 h o u r s ,  and  72 h o u r s  o f  i n c u b a t i o n
p e r i o d s .
1 .  Maximum y i e l d  a l p h a  t o x i n — c o n d i t i o n s  f o r . As 
i s  i n d i c a t e d  i n  f i g .  1 , g e n e r a l l y  maximum g r o w t h  was ob­
t a i n e d  i n  a l l  m e d i a  w i t h i n  72 h o u r s  by a e r a t i o n  o f  t h e  c u l ­
t u r e  medium by m eans  o f  c o n s t a n t  s h a k i n g .  Of t h e  t h r e e  
a e r a t i o n  s y s t e m s ,  t h e  s t a t i c  c o n d i t i o n  p r o d u c e d  t h e  l e a s t  
am ount  o f  g r o w t h .  On t h e  o t h e r  h a n d ,  a l p h a  and  b e t a  hemo­
l y s i n  p r o d u c t i o n  was f o u n d  t o  be maximum I n  t h e  c u l t u r e s  
grown on t h e  s h a k e r  u n d e r  %0 % CO2 a n d  50% C>2* F i g u r e  2 
shows t h e  r e l a t i o n s h i p  o f  g r o w t h  and  p r o d u c t i o n  o f  hemo­
l y s i n s  and  c o a g u l a s e .  I t  i s  e v i d e n t  t h a t  t h e  p r o d u c t i o n
o f  a l p h a  an d  b e t a  h e m o l y s i n s  l a g g e d  b e h i n d  t h e  g r o w t h .  
D u r i n g  t h e  l o g  p h a s e  o f  g r o w t h ,  h e m o l y s i n s  w ere  p r o d u c e d  
a t  a  f a s t e r  r a t e  and c o n t i n u e d  t o  i n c r e a s e  a f t e r  t h e  m a x i ­
mum g r o w t h  was a t t a i n e d .  I n  c u l t u r e s  g r o w i n g  u n d e r  s t a ­
t i o n a r y  c o n d i t i o n s  t h e  p r o d u c t i o n  o f  a l p h a  h e m o l y s i n  was 
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I t  i s  e v i d e n t  f r o m  t a b l e  2 t h a t  w i t h  few  e x c e p t i o n s ,  
t h e  maximum y i e l d  o f  a l p h a  h e m o l y s i n  o c c u r r e d  w i t h i n  I4.8 
h o u r s .  At J4.O C t h e  o p t i m a l  i n c u b a t i o n  p e r i o d  was f r o m  21}. 
t o  I4.8 h o u r s .
W i t h  t h e  e x c e p t i o n  o f  t r y p t i c a s e  so y  b r o t h ,  a l l  
o t h e r  m e d i a  t e s t e d  w e re  f o u n d  q u i t e  s u i t a b l e  f o r  t h e  p r o ­
d u c t i o n  o f  a l p h a  h e m o l y s i n .  I n c r e a s i n g  so d iu m  c h l o r i d e  
c o n c e n t r a t i o n  t o  1 . 5% i n t h e  h e a r t  i n f u s i o n  b r o t h  p r o d u c e d  
an  a d v e r s e  a f f e c t  on a l p h a  h e m o l y s i n  p r o d u c t i o n  w i t h o u t  
h a v i n g  any i l l  e f f e c t  on g r o w t h  ( f i g .  3 )«
Out  o f  t h e  t h r e e  i n c u b a t i o n  t e m p e r a t u r e s  i n v e s t i ­
g a t e d ,  37 C was fo u n d  t o  g i v e  t h e  h i g h e s t  a l p h a  t o x i n  t i t e r s  
u n d e r  I n c r e a s e d  a e r a t i o n  and C0£ ( f i g .  1}-) • V e a l  i n f u s i o n  
and  h e a r t  I n f u s i o n  b r o t h s  p r o d u c e d  h i g h e r  t o x i n  y i e l d s  a t  
3I4- C t h a n  a t  i |0  C.
2 .  Maximum y i e l d  b e t a  t o x i n — c o n d i t i o n s  f o r . The 
r e l a t i o n s h i p  o f  b a c t e r i a l  g r o w t h  t o  t h e  p r o d u c t i o n  o f  b e t a  
h e m o l y s i n  by a u r e u s s t r a i n  570 I s  shown i n  f i g .  2 .  D u r ­
i n g  t h e  e a r l y  p a r t  o f  t h e  l o g  p h a s e ,  t h e  p r o d u c t i o n  o f  b e t a  
h e m o l y s i n  was s l o w e r  t h a n  t h e  g r o w t h .  The t o x i n  p r o d u c t i o n  
s u b s e q u e n t l y  I n c r e a s e d  a t  a f a s t e r  r a t e  and  c o n t i n u e d  a f t e r  
g r o w t h  h a d  s t o p p e d .  The i n f l u e n c e  o f  d i f f e r e n t  a e r a t i o n s ,  
t e m p e r a t u r e s ,  and i n c u b a t i o n  p e r i o d s  on t h e  p r o d u c t i o n  o f  
b e t a  h e m o l y s i n  i s  i l l u s t r a t e d  i n  t a b l e  3 . The r e s u l t s  o b ­
t a i n e d  w e re  s i m i l a r  t o  t h o s e  o b t a i n e d  f o r  t h e  p r o d u c t i o n  o f  
a l p h a  h e m o l y s i n .
The maximum y i e l d  o f  b e t a  h e m o l y s i n  was o b t a i n e d
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Table 2
O p t i m a l  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  o f  maximum
a l p h a  h e m o l y s i n  t i t e r s .
I n c u b a t i o n
t e m p e r a t u r e
A e r a t i o n . .......... ....  T J L )
Medium(-»H<- )
E x t . b r o t h  T . S . B . V.I.B. H.I.B. N .Z .A
37 c s t a t i o n a r y 3s 32 128 64 2562 F P ” 4 8 - 7 2 2I+-48 72
on s h a k e r 1024 512 53.2 1024
n p r 4 « - 7 2 4 8 - 7 2 4 i r
on s h a k e r 4096 128 4096 4096 4096
w i t h  50$  p -72 24-48 48-72 48-72 48
C02 & 50$ 0 2
40  C s t a t i o n a r y 128 . 3 2 , 256 256 128
48-72 1 6 - 2 4 24-4'8 2 4 -4 8 24-72
on s h a k e r 1024 256 512 512 3-024
2 4 - 4 8 48-72 2 4 -4 8 24-48 w
on s h a k e r  
w i t h  59%
co2 & 5 0 % °2
512





s t a t i o n a r y 128 , , 32 16 6472 1 6 - 7 2 4 8 - 7 2 2 4 - 7 2 4 8 - 7 2
on s h a k e r 512 128 612 128 53.2
4 8 - 7 2 16-72 4 8 - 7 2 2 4 - 7 2 4 8 - 7 2
on s h a k e r 2048 256 2048 2048 1024
w i t h  50$
c o 2 & 50$  0
4 8 - 7 2
2
2 4 -7 2 4 8 - 7 2 4 8 - 7 2 4 8 - 1 ?
T . S . B . =  t r y p t i c a s e  soy b r o t h .
V . I . B . =  v e a l  i n f u s i o n  b r o t h .
H . I . B . =  h e a r t  i n f u s i o n  b r o t h .
N .Z .A .=  N .Z .  amine b r o t h .
■a E x p r e s s e d  a s  r e c i p r o c a l  o f  t h e  h i g h e s t  d i l u t i o n  show ing  
c o m p l e t e  h e m o l y s i s  o f  1% r a b b i t  r e d  b l o o d  c e l l s .  
I n c u b a t i o n  t im e  i n  h o u r s  sh o w in g  maximum y i e l d  o f  a l p h a  
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O p t im a l  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  o f  maximum 
b e t a  h e m o l y s i n  t i t e r s .
In cu ba t i o n  A e r a t i o n  ( )
E x t . b r o t h T.S.B. V.I.B. H.I.B. N .Z .A
37 C s t a t i o n a r y  61+ 16 61+ £k
72 12-72 72 72 72
on s h a k e r  128 61; 256 256 512
1+8-72 1+8-72 72 72 72
on s h a k e r  1021+ , 61+ 1021+ 1021+ 1021+w i t h  50$ 72
co2 & 50$02
21+-72 72 72 72
1+0 c s t a t i o n a r y  61+ k 61+ 61+ &1+8-72 1+-72 1+8-72 1+8-72 1+8-7 2
on s h a k e r  61+ 32 256 256 512
12-1+8 1 6 -7 2 1+8 1+8 1+8-72
on s h a k e r  512 128 512 512 512
w i t h  50$ 1+8-72 214.-72 1+8-72 1+8-72 1+8-72
co2 & 50$ o2
31+ C s t a t io n a r y 16 16 16 ^ 2 16
2I+-72 1+8 16-72 72 1+8-72
on sh ak er 128
a
128
21+-72 21+-72 1+8-72 , - 1+8-72
on sh aker 256 128 512 256 51.2
w ith  50$
co2 & 50$  o
21+-72
2
1+8-72 1+0-72 21+-72 1+8-72
T .S .B .  = t r y p t i c a s e  soy b r o t h .
V . I . B .  = v e a l  I n f u s i o n  b r o t h .
H . I . B .  = h e a r t  i n f u s i o n  b r o t h .
N .Z .A .  = N .Z .  amine b r o t h .
* -  E x p r e s s e d  as  r e c i p r o c a l  o f  t h e  h i g h e s t  d i l u t i o n  show­
i n g  c o m p le t e  h e m o l y s i s  o f  1$  sh e e p  r e d  b lo o d  c e l l s .
= I n c u b a t i o n  t im e  i n  h o u r s  show ing  maximum y i e l d  o f  b e t a  
h e m o l y s i n .
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after 72 hours of incubation at 37 C under continuous shak­
ing conditions with %Q% C0 2 and $0% 0 2 (fig. 5 ).
3. Maximum yield coagulase—-conditions for. The 
optimal conditions for the production of coagulase Oiffered 
in certain respects from hemolysins. The relationship of 
coagulase production with growth is shown in fig. 2. The 
coagulase production has a lag phase similar to the growth 
lag phase. The yield decreased on prolonged incubation and 
depended largely upon the type of media employed and aera­
tion conditions.
The relationship of coagulase titers with varying 
media, incubation periods, temperatures, and aeration condi­
tions is shown in table J4. and fig. 6 .
In general, the optimum period for coagulase produc­
tion under static conditions was found to be 2l|_ hours; on 
shaker 12 hours; and on shaker under C02 and %0% O2
only 8 hours. It is indicated that the variation of incu­
bation temperatures did not affect the coagulase production. 
The highest coagulase titer i.e., 1:8192 was obtained at 
all the three incubation temperatures. With regard to the 
suitability of media, both extract broth and the N.Z. amine 
broth gave maximum coagulase yield. The other two media
I.e., veal Infusion broth and heart infusion broth were 
slightly i nferior for coagulase production. With some ex­
ceptions in N.Z. amine medium, higher coagulase yields were 
obtained in the atmospheric gases.






















o ---------- C Extract broth
<□ I
<\ Veal infusion broth
100
Heart infusion broth
O ----- N.Z.Amine broth
80 16
Age of cultures (hours)
Fig.5>. Beta hemolysin on shaker under $0% CO2 and 50% 
oxygen at 37 C.
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Table 1+
O p t i m a l  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  o f  maximum
c o a g u l a s e  t i t e r s .
I n c u b a t i o n
t e m p e r a t u r e
A e r a t i o n ( *
M ed ium (**
'J
~)
E x t . b r o t h  V . I . B . H . I . B . N . Z .A .
37 C s t a t i o n a r y 1+096 512 1021+
21+-1+8 21+-1+5 16-1+11 16- 1+8






on s h a k e r  
w i t h  50$
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V . I . B .  = v e a l  i n f u s i o n  b r o t h .
H . I . B .  = h e a r t  I n f u s i o n  b r o t h .
N .Z .A .  = N . Z .  am in e  b r o t h .
*  = Minimum c l o t t i n g  d o s e s / m l  e x p r e s s e d  as  t h e  r e c i p r o c a l
o f  t h e  h i g h e s t  d i l u t i o n  sh o w in g  minimum a m o u n t  o f  
c l o t  (+ )  o f  2 0 $  human p l a s m a .
= I n c u b a t i o n  t i m e  i n  h o u r s  s h o w in g  maximum y i e l d  o f  
c o a g u l a s e .
Static Shaker Shaker with $0% COg
_____________  and 50% oxygen___ 1
8192 o o  o® © & ©
*/N
1*096 o o  m O
201*8 £0 A 0® A
1021* D t a  CCA □ A o  o
312 a  p D A A O
a
0 ---------1 ,..L. 1 --------1--- i_ - i  .. o' 1 . L. l . ---------------1--------------- ______________  i_____ 1 ________l_________ i________ i__________I_________ L _
31* 37 1*0 31* 37 UO 31* 37 1*0
Temperature of cultures ( C ).  ^
O Extract broth. A Veal infusion broth.
a Heart infusion broth. Q N.Z.Amine broth.
Fig.6. Coagulase production in different media under diff 
erent aeration, and temperature conditions.
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d e l e t e r i o u s  e f f e c t s  on t h e  t o t a l  y i e l d  o f  c o a g u l a s e  ( f i g .  2 ) .  
The d e s t r u c t i o n  b e g a n  a t  16 t o  2if h o u r s  o f  i n c u b a t i o n  on  t h e  
s h a k e r  u n d e r  5>0% CO  ^ and  >^0% 0 2 ; a t  2i |  t o  Ij.8 h o u r s  on t h e  
s h a k e r  u n d e r  a t m o s p h e r i c  g a s e s ;  and  a p p r o x i m a t e l y  a t  72 
h o u r s  i n  t h e  c u l t u r e s  g rown w i t h o u t  s h a k i n g .  The d e s t r u c ­
t i o n  was more  m a r k e d  a t  I4.O C t h a n  a t  37 C o r  3^-1- C.
The r e l a t i o n s h i p s  c o n c e r n i n g  t h e  p r o d u c t i o n  o f  
c o a g u l a s e ,  a l p h a  and b e t a  h e m o l y s i n s  a t  v a r i o u s  i n c u b a t i o n  
p e r i o d s  a r e  i l l u s t r a t e d  i n  f i g .  7*
B. INACTIVATING AGENTS
F o r m a l i n  i s  f r e q u e n t l y  u s e d  as  an i n a c t i v a t i n g  a g e n t  
f o r  t h e  p r e p a r a t i o n  o f  v a r i o u s  t y p e s  o f  b a c t e r i a l  v a c c i n e s .
A p r e l i m i n a r y  a t t e m p t  was made t o  i n v e s t i g a t e  w h e t h e r  t h i s  
c h e m i c a l  i n  t h e  s t r e n g t h s  commonly u s e d  f o r  v a c c i n e  p r e ­
p a r a t i o n s  h a s  any d e s t r u c t i v e  e f f e c t  on t h e  a n t i g e n s  o f  
s t a p h y l o c o c c i .  S .  a u r e u s  c u l t u r e  f i l t r a t e s  b e f o r e  and  a f t e r  
d e t o x i f i c a t i o n  w e re  t e s t e d  f o r  a n t i g e n i c  a n a l y s e s  by u s i n g  
g e l  d i f f u s i o n  t e c h n i q u e .  The s e r a  f o r  p r e c i p i t a t i o n  r e a c ­
t i o n s  w e re  a v a i l a b l e  f r o m  two cows w i t h  e x p e r i m e n t a l l y  p r o ­
d u c e d  s t a p h y l o c o c c a l  m a s t i t i s  i n f e c t i o n .  The g e l  p r e c i p i t a ­
t i o n  r e s u l t s  a r e  i l l u s t r a t e d  i n  f i g .  8.
The r e a c t i o n  shown I n  t h e  l e f t  h a l f  o f  t h e  p h o t o g r a p h  
I n d i c a t e s  t h a t  t h e  nu m ber  o f  p r e c i p i t a t i o n  l i n e s  b e tw e e n  
s e r u m  A and  t h e  c u l t u r e  f i l t r a t e s  1 and  Ij. i s  g r e a t e r  a t  
l e a s t  by one t h a n  t h e  l i n e s  d e p i c t e d  by t h e i r  t o x o i d s  5 



























Age o f  c u l tu r e  (hours)
F ig .7. Re la t ionsh ip  of  alpha and b e ta  hemolysins and coagu- 
l a s e  a t  37 C, i n  N.Z.Amine b ro th  c u l tu re  grown on shaker under 















F i g .  8 .  D o u b le  d i f f u s i o n  a n a l y s e s  o f  S .  a u r e u s  
t o x i n s  b e f o r e  and  a f t e r  i n a c t i v a t i o n  w i t h  f o r m a l i n .  
C e n t r a l  w e l l s  A a n d  B c o n t a i n e d  e x p e r i m e n t a l l y  i n f e c t e d  
cow s e r a .  I n  t h e  l e f t  g e l  d i f f u s i o n  s y s t e m  p e r i p h e r a l  
w e l l s  1 and  c o n t a i n e d  t o x i n  b e f o r e  f o r m a l i n  t r e a t m e n t ;  
w e l l  5>» c o n c e n t r a t e d  t o x o i d  f r o m  C yanam ld  C o . ;  w e l l  6 ,  
U .N .H .  p r e p a r e d  c o n c e n t r a t e d  t o x o i d  a n d  w e l l s  2 a n d  3 
f i l t r a t e s  f r o m  U .N .H .  c o n c e n t r a t e d  t o x o i d .  I n  t h e  r i g h t  
g e l  d i f f u s i o n  s y s t e m  w e l l s  1 and  2| r e p r e s e n t e d  u n t r e a t e d  
t o x i n ;  w e l l s  2 and  3 f o r m a l i n  i n a c t i v a t e d  c o n c e n t r a t e d  
t o x o i d  a n d  w e l l s  5 a n d  6 f i l t r a t e s  f r o m  c o n c e n t r a t e d  
t o x o i d .
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f i l t r a t e s  1 and  I), on t h e  one  h a n d  and t h e i r  t o x o i d s  2 and 3 
on  t h e  o t h e r  h a n d  do n o t ,  h o w e v e r ,  r e v e a l  any d i f f e r e n c e  i n  
t h e  num ber  o f  p r e c i p i t a t i o n  l i n e s .
I n a c t i v a t i o n  o f  c e l l s . V a r i o u s  means o f  i n a c t i v a t i n g  
t h e  b a c t e r i a l  c e l l s  w e re  s t u d i e d  t o  f i n d  m o s t  s u i t a b l e  m eans  
o f  I n a c t i v a t i o n  f o r  v a c c i n e  p r e p a r a t i o n .  _S. a u r e u s  c e l l s  
w e re  t r e a t e d  i n  f i v e  d i f f e r e n t  w a y s ,  n a m e ly  w i t h  f o r m a l i n ,  
b e t a - p r o p i o l a c t o n e , l y s e d  by d o r n a s e  o r  b a c t e r i o p h a g e ,  and 
m e c h a n i c a l l y  d i s i n t e g r a t e d .  The m eans  o f  e v a l u a t i o n  o f  t h e  
a n t i s e r a  were  q u a n t i t a t i v e  (by  t i t r a t i n g  t h e  a n t i b o d i e s ) ,  
q u a l i t a t i v e  (by  i m m u n o d i f f u s i o n ) ,  and p r o t e c t i o n  o f  t h e  
v a c c i n a t e d  a n i m a l s  a g a i n s t  a l e t h a l  d o s e  o f  c h a l l e n g e  o r ­
g a n i s m s  .
The a g g l u t i n i n  and a l p h a  a n t i t o x i n  t i t e r s  o f  t h e  
s e r a  o b t a i n e d  f r o m  r a b b i t s  im m unized  a g a i n s t  v a r i o u s  v a c ­
c i n e s  a r e  shown i n  t a b l e  5«
The a g g l u t i n i n  t i t e r s  v a r i e d  f ro m  a n i m a l  t o  a n i m a l  
w i t h i n  t h e  same g r o u p  and t h e  mean d i f f e r e d  f ro m  one g ro u p  
t o  a n o t h e r .  I n  g e n e r a l ,  d i s r u p t e d  and l y s e d  c e l l  v a c c i n e s  
g av e  t h e  h i g h e s t  a g g l u t i n i n  t i t e r s .  D i s i n t e g r a t e d  and 
p h a g e  l y s e d  c e l l  v a c c i n e s  s t i m u l a t e d  low a l p h a  a n t i t o x i n  
t i t e r s ,  a l t h o u g h  f o r m e r  v a c c i n e  d i d  n o t  c o n t a i n  any  amount 
o f  a l p h a  t o x i n .
F o r  q u a l i t a t i v e  a n t i g e n i c  a n a l y s e s  by i m m u n o d i f f u ­
s i o n  t e c h n i q u e ,  a l l  t h e  f i v e  a n t i s e r a  w ere  r e a c t e d  a g a i n s t  
e a c h  o f  t h e  t h r e e  v a c c i n e s  c o n t a i n i n g  d i s r u p t e d  o r  l y s e d  
c e l l  a n t i g e n s .  The r e a c t i o n s  sh o w in g  p r e c i p i t a t i o n  l i n e s
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T a b le  5
A g g l u t i n i n  and a l p h a  a n t i t o x i n  t i t e r s  i n  r a b b i t s  
v a c c i n a t e d  a g a i n s t  d i f f e r e n t l y  t r e a t e d  c e l l  v a c c i n e s .
V a c c in e s k a b b i t
num bers
A lp h a
a n t i t o x i n
t i t e r s
( I . U . / m l )
R e c i p r o c a l  o f  Weans o f  t h e  
a g g l u t i n i n  r e c i p r o c a l  o f  
t i t e r s  a g a i n s t  a g g l u t i n i n  
hom ologous t i t e r s  
s t r a i n
V - l 1 1 256
2 2 512 38k
3 - 512
k 256 ................ .
V-2 5 - 512
6 - 256 320
7 - 256
8 _ 256
V-3 9 - 1024
10 _ 512 768
V-k 11 2 1021+
12 k 512
13 2 1 0 2 k 896
I k 3 1 0 2 k
V-5 15 5 512
16 .. . . .  if.................. 51.2... ................... 512
V - l  = F o r m a l i n i z e d  c e l l s .
V-2 = B e t a - p r o p i o l a c t o n e  t r e a t e d  c e l l s .
V-3 = P h e n o l y s e d - h e a t  k i l l e d  d o m a s e  l y s e d  c e l l s .  
V-k = D i s i n t e g r a t e d  c e l l s .
V-5 = Phage l y s e d  c e l l s .
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a r e  i l l u s t r a t e d  i n  f i g ,  9 .
I t  i s  p re s u m e d  t h a t  e a c h  p r e c i p i t a t i o n  l i n e  i s  
r e p r e s e n t e d  by a  s e p a r a t e  a n t i g e n i c . d e t e r m i n a n t  and- a n t i ­
bo dy  r e a c t i o n .  The r e a c t i o n s  shown I n  f i g .  9 a r e  i d e n t i ­
f i e d  by d i f f e r e n t  l i n e s  i n  f i g .  1 0 .
The d i s r u p t e d  and l y s e d  c e l l  a n t i g e n s  p r o d u c e d  
b e t t e r  r e s p o n s e  t o  p r e c i p i t a t i n g  a n t i b o d i e s  t h a n  t h e  w hole  
c e l l  a n t i g e n s .  The s p e c i f i c i t y  o f  p r e c i p i t a t i o n  l i n e  8 
shown by p h a g e  l y s e d  c e l l s  (V -5 )  and t h e  se ru m  a g a i n s t  t h i s  
v a c c i n e  ( S - 5 )  c o u l d  n o t  be a s c e r t a i n e d  w i t h  c e r t a i n t y .
T h e r e  i s  some p o s s i b i l i t y ,  h o w e v e r ,  t h a t  t h e  l i n e s  8 and 6 
may be one and t h e  sam e.
Ten d a y s  f o l l o w i n g  t h e  l a s t  i n j e c t i o n  o f  t h e  v a c ­
c i n e  p r e p a r a t i o n s ,  a l l  16 v a c c i n a t e d  and  2 c o n t r o l  r a b b i t s  
w ere  c h a l l e n g e d  i n t r a v e n o u s l y  w i t h  1 ml o f  18 h o u r  t r y p t i -  
c a s e  so y  b r o t h  c u l t u r e  o f  S .  a u r e u s  s t r a i n  7 (3*1  x  10^ 
c e l l s / m l ) .  The r a b b i t s  w ere  o b s e r v e d  up t o  two w eeks  f o r  
m o r t a l i t y .  The r e s u l t s  a r e  r e c o r d e d  i n  t a b l e  6 .
Only 3 o u t  o f  16 v a c c i n a t e d  r a b b i t s  s u r v i v e d  t h e  
c h a l l e n g e  d o s e .  A l t h o u g h  t h e  num ber  o f  r a b b i t s  u s e d  i n  t h e  
e x p e r i m e n t  was s m a l l  and no d e f i n i t e  c o n c l u s i o n  c a n  be d e ­
r i v e d  f ro m  p r o t e c t i o n  s t u d i e s ,  f o r m a l i n i z e d  whole  c e l l  v a c ­
c i n e  gave  b e t t e r  p r o t e c t i o n  t h a n  t h e  o t h e r  v a c c i n e s  t e s t e d .
I n a c t i v a t i o n  o f  t o x i n . The c o m p a r i s o n  o f  f o r m a l i n  
and b e t a - p r o p i o l a c t o n e  a s  t o x o i d i n g  a g e n t s  was made by v a c ­
c i n a t i n g  two g r o u p s  o f  r a b b i t s  w i t h  f o r m a l i n i z e d  c e l l  t o x o i d  











Fig.9. Photograph of drawings showing precipitation lines 
in antisera S-l to S-5 against vaccine V-3,V-U and V-5 by the 
Ouchterlony gel agar plate method.
Anti serum C e l ]  a n t i g e n s  r e p r e s e n t e d  i n  v a c c i n e s
V -3  V-4 cr • ^
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I1 h e  k e y  o f  t h e  v a c c i n e s  7 - 3 ,  7 - 4 ,  and  ' . ' -5 i s  
same a s  e x p l a i n e d  i - i  t a b l e  5- 3-1 , 3 - 2 ,  3 -3 ?  3 - 4 ,  a.
3 - 5  a r e  a n t i s e r a  a p a i n s t  v a c c i n e s  
a n d  7 - 5  r e s p e c t i v f
a_
"'T
' i p u r e  0 . besvh: t s  o f  e . m p a r a  isive p r e c i p i t i n  
r e a c t i o n  b y  Ouch t e r  l o r y  • • met .  od va.wi 3 d i f f e r  a t '  y 
t r e a t e d  3 .  n u r s e s  c e l l  a n t i g e n s  v /ere  s i p a r a t e c y  r e a c t ,  
w i t h  5 r a b b i t  a n t i s e r a .
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Table 6
R a b b i t s  s h o w in g  m o r t a l i t y  a f t e r  t h e  c h a l l e n g e  d o se  
o f  1 ml  18 h o u r  t r y p t i c a s e  soy '  b r o t h  c u l t u r e .
V a c c in e  N o .o f  r a b b i t s  Days t o  d e a t h  S u r v i v a l / N o . c h a l l e n g e d
V - l 1* 2 ,6 2 A
V-2 k 1 ,1 ,1 ,1 * o/l*
V-3 2 1 1 / 2
V-l* k 1 , 1 , 3 , 3 , 0/1*
v - 5 2 l+,5 0 / 2
c o n t r o l 2 1.1* 0 / 2
The
i n  t a b l e  5»
key t o  v a c c i n e s  V - l  t o  V-5 i s t h e  same a s  shown
v a c c i n e s .  B lo o d  s e r a  w e re  c o l l e c t e d  a t  w e e k l y  i n t e r v a l s  
f r o m  t h e s e  a n i m a l s  and  t i t r a t e d  f o r  a g g l u t i n i n s  and a l p h a  
and  b e t a  a n t i t o x i n s .  F i g u r e  11 i l l u s t r a t e s  t h e  mean v a l u e s  
o b t a i n e d  f o r  a l p h a  and  b e t a  a n t i t o x i n s .  B e t a - p r o p i o l a c t o n e  
t r e a t e d  c e l l  t o x o i d  s t i m u l a t e d  s i g n i f i c a n t l y  h i g h e r  a l p h a  
a n t i t o x i n  t h a n  f o r m a l i n i z e d  c e l l  t o x o i d .  T h e r e  was no 
a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  b e t a  a n t i t o x i n  l e v e l s .  W ith  
b e t a - p r o p i o l a c t o n e  t r e a t e d  c e l l  t o x o i d ,  h i g h e s t  a l p h a  and 
b e t a  a n t i t o x i n  l e v e l s  w e re  r e a c h e d  i n  a b o u t  t h r e e  w e e k s .  
B e t a  a n t i t o x i n  d r o p p e d  s l i g h t l y  d u r i n g  t h e  f o u r t h  and  f i f t h  
weeks  and c o n s i d e r a b l y  so  d u r i n g  t h e  s i x t h  w e ek .  The r e ­
d u c t i o n  i n  t h e  t i t e r s  o f  a l p h a  a n t i t o x i n  was v e r y  s i g n i f i ­

















_ Alpha antitoxin against Formalinized 
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Fig.11.Average units of alpha and beta antitoxins in rabbits 


















weeks. In the case of formalinized cell toxoid, the in­
crease of antitoxins was very gradual reaching maximum at 
the end of five weeks. The drop during the sixth week was 
very sudden and sharp. At the end of four weeks, the reci­
procal of the means of agglutination titers against forma­
linized and beta-propiolactone treated cell toxoids were 
717 and 70U respectively*
All vaccinated and two control rabbits were chal­
lenged intravenously (3»1 x 1 0  ^ cells) six weeks after the 
first injection. There was no protection and none of the 
rabbits was able to resist this challenge dose. All rab­
bits died within six days of the challenge injection.
C. IMMUNE AND ANTIBODY RESPONSE IN RABBITS AND 
COWS TO VACCINES CONTAINING S. AUREUS CELL TOXOIDS
1 . Vaccination in rabbits. Five groups of six 
rabbits each were vaccinated with polyvalent vaccines PV-8 , 
PV-9, PV-10, PV-11, and PV-12. Vaccines PV- 8  and PV-9 were 
prepared by treating the whole broth cultures with formalin 
and beta-propiolactone respectively. The cells of vaccines 
PV-10, PV-11, and PV-12 were inactivated with formalin and 
the culture filtrates with beta-propiolactone. Vaccine 
PV-11 contained low coagulase and high beta toxins, whereas 
in vaccine Pv-12 the potency of beta toxin was low and that 
of coagulase was high. All vaccines contained about the 
same concentration of alpha toxin. Blood sera were collected 
one week after the last Injection and titrated for aggluti­
nins, alpha and beta antitoxins, anticoagulase, and anti P.V.
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l e u c o c l d i n •
F i g u r e  12 i l l u s t r a t e s  t h e  mean v a l u e s  o f  v a r i o u s  
t y p e s  o f  a n t i b o d i e s  i n  t h e  s e r a  p r e p a r e d  a g a i n s t  d i f f e r e n t  
v a c c i n e s .  I n  a l l  g r o u p s  t h e  h i g h e s t  a g g l u t i n i n  t i t e r s  w e re  
o b t a i n e d  a g a i n s t  s t r a i n  G e r ,  f o l l o w e d  by s t r a i n s  7 ,  5 7 0 ,  and 
15  i n  t h a t  o r d e r .  S t r a i n  15 s t i m u l a t e s  e x t r e m e l y  low a g g l u ­
t i n i n  t i t e r s  i n  a l l  t h e  a n i m a l s .
W i t h  t h e  e x c e p t i o n  o f  a n t i l e u c o c i d i n ,  h i g h e s t  a n t i ­
b o d i e s  w e re  o b t a i n e d  i n  a n t i s e r u m  PS-9 ( s e r u m  a g a i n s t  v a c ­
c i n e  PV-9). A n t i s e r u m  PS-1 2  ( s e r u m  a g a i n s t  v a c c i n e  PV-12) 
g a v e  h i g h e s t  a n t i l e u c o c i d i n  t i t e r s .  B e t a  a n t i t o x i n  and 
a n t i c o a g u l a s e  t i t e r s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  I n  
t h e  v a c c i n a t e d  a n i m a l s .  H i g h e r  a n t i t o x i n  i n  t h e  r a b b i t s  
a g a i n s t  b e t a - p r o p i o l a c t o n e  t r e a t e d  v a c c i n e  (PV-9) t h a n  
a g a i n s t  f o r m a l i n i z e d  v a c c i n e  (PV-8 ) c o n f i r m e d  t h e  r e s u l t s  
o f  p r e v i o u s  e x p e r i m e n t s .  R a b b i t s  b e l o n g i n g  t o  v a r i o u s  v a c ­
c i n e  g r o u p s  showed c o n s i d e r a b l e  d i f f e r e n c e  i n  a l p h a  a n t i ­
t o x i n  and a n t i l e u c o c i d i n  ( t a b l e  7 )*
A l l  t h e  e x p e r i m e n t a l  r a b b i t s  w e r e  c h a l l e n g e d  on t h e  
t e n t h  day  f o l l o w i n g  t h e  l a s t  i n j e c t i o n  o f  t h e  v a c c i n e  p r e ­
p a r a t i o n s .  T h r e e  a n i m a l s  f r o m  e a c h  g r o u p  w e re  c h a l l e n g e d  
w i t h  one  o f  t h e  h o m o lo g o u s  s t r a i n s  ( s t r a i n  7) and  t h e  o t h e r  
t h r e e  w i t h  one  h e t e r o l o g o u s  s t r a i n  ( s t r a i n  1 5 3 1 ) .  T h re e  
c o n t r o l  r a b b i t s  w e r e  a l s o  c h a l l e n g e d  w i t h  e a c h  s t r a i n .  The 
a n i m a l s  w e r e  o b s e r v e d  f o r  a p e r i o d  o f  f o u r  w e e k s .  The 
r e s u l t s  a r e  r e c o r d e d  i n  t a b l e  8 .
A c c o r d i n g  t o  t h e  r e s u l t s  shown i n  t a b l e  8 ,  v a c c i n e
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AntioC hemolysin I.U./ml 
0 _ $ 
j Ant i o hemolys in I. U. /ml.
10M ean of the reciprocal of 







"6 8 2 7
'3 Ul
PS-12
Reciprocal of anti coagulase ,CLi
and anti leucocidin titers/ml
i; -•• -p Anti alpha hemolysin [fHilTiTiTn Anti beta hemolysin
Anti coagulase j M T l M I  Anti leucocidin
A,B,C,and D indicate titers against strains 7,13,570 and Ger 
respectively.
Fig. 12. The means of various types of antibodies in different 
group sera.
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T a b le  7
R a b b i t s  v a c c i n a t e d  w i t h  v a r i o u s  v a c c i n e s  showing 
t h e  mean, s t a n d a r d  d e v i a t i o n  ( S . D . ) ,  and t h e  r a n g e  o f  a l p h a  
a n t i t o x i n  and a n t i l e u c o c i d i n .
R a b b i t s  in  




a n t i t o x i n
.U«/m l
R e c i p r o c a l  o f  a n t i ­
l e u c o c i d i n  t i t e r s / m l
Mean S .D . Range Mean S.D . Range
PV-8 5 . 2 5 . 5 1-16 50 5 3 . 5 8-96
PV-9 9 . 7 1 5 . 5 0-32 11 8.2 2-16
PV-10 5 . 2 9 . 5 0-25 15 5 . 5 2-32
PV-11 2 . 8 2 . 8 0 -8 29 27.0 8 -6 5
PV-12 5 . 5 5 . 0 2 -1 2 65 28.6 32-96
PV-12 gave th e  b e s t  p r o t e c t i o n  a g a i n s t  b o th  o r g a n i s m s .  I t  
a p p e a r s  f rom t h e  p r o t e c t i o n  r e s u l t s  t h a t  a n t i b o d y  a g a i n s t  
l e u c o c i d i n  p l a y s  an i m p o r t a n t  p a r t  i n  t h e  p r o t e c t i o n .
O t h e r  t y p e s  o f  a n t i b o d i e s  may be h e l p i n g .
2 .  V a c c i n a t i o n  i n  c o w s . I n  a g ro u p  o f  f o u r  e x p e r i ­
m e n t a l  cows,  an a t t e m p t  was made t o  d e m o n s t r a t e  t h e  e f f e c t  
o f  a d j u v a n t  i n  t h e  v a c c i n e .  Two cows were  v a c c i n a t e d  w i t h  
an a d j u v a n t  c e l l  t o x o i d  v a c c i n e  (MV-B). The o t h e r  two 
cows s e r v e d  as c o n t r o l s  and r e c e i v e d  i n j e c t i o n s  o f  t h e  
same v a c c i n e  w i t h o u t  any a d j u v a n t  (MV-A). The f i r s t  and 
t h e  s e c o n d  i n j e c t i o n s  o f  10 ml e a c h  were  g iv e n  a t  an i n t e r ­
v a l  o f  f o u r  weeks and t h e  serum sam p les  were c o l l e c t e d  
e v e r y  week f o r  a n t i b o d y  t i t r a t i o n s .  The a n t i b o d y  r e s p o n s e
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Table 8
R a b b i t ' s  s u r v i v a l  a f t e r  i n t r a v e n o u s  c h a l l e n g e  w i t h  
h o m o lo g o u s  and  h e t e r o l o g o u s  s t r a i n s .
V a c c i n e Days t o  d e a t h S u r v i v a l / N o . c h a l l e n g e d
H om ologous
s t r a i n
H e t e r o l o g o u s
s t r a i n
H om ologous
s t r a i n
H e t e r o l o g o u s
s t r a i n
PV-8 5 , 1 6 , 2 2 * l+» 11 o / 3 1 / 3
PV-9 21;, 21;* 3 ,16 ,21+* 1 / 3 0 / 3
PV-10 1 0 , 2 2 * 22* 1 / 3 2 / 3
PV-11 2 , 1 2 21;* , 21;* 1 / 3 1 / 3
PV-12 5 22* 2 / 3 2 / 3
c o n t r o l 6 , 1 2  ,21; 2,1; 0 / 3 1 / 3
*  R a b b i t s  w e r e  s a c r i f i c e d  b e c a u s e  o f  h i g h  e m a c i a t i o n  
a n d  a r t h r i t i s .
i n d i c a t e s  t h a t  f r o m  t h e  s e c o n d  week o n w a r d ,  t h e  l e v e l  o f  
a l p h a  and  b e t a  a n t i t o x i n s * *  was c o n s i d e r a b l y  h i g h e r  i n  t h e  
cows v a c c i n a t e d  w i t h  a d j u v a n t  v a c c i n e  ( f i g .  1 3 ) .  The t i t e r s  
o f  a n t i l e u c o c i d i n  w e re  a l s o  much h i g h e r  d u r i n g  t h e  t h i r d  
an d  t h e  f o u r t h  w eek s  o f  t h e  t e s t .  The b o o s t e r  i n j e c t i o n  o f  
t h e  a d j u v a n t  v a c c i n e  g a v e  g r e a t e r  r e s p o n s e  o f  b e t a  a n t i t o x i n  
t h a n  t h e  p l a i n  v a c c i n e .  At t h e  end  o f  f o u r  w e e k s ,  t h e  mean 
o f  t h e  a g g l u t i n i n e  t i t e r s  i n  t h e  cows im m un ized  w i t h  a d j u ­
v a n t  v a c c i n e  was f o u n d  t o  be 1:3000 i n  c o m p a r i s o n  t o  o n l y  
lrlgQO t i t e r  shown by t h e  o t h e r  g r o u p .  T h i s  i s  a  s i g n i f i c a n t
* *  A lp h a  and  b e t a  a n t i t o x i n s  w e re  k i n d l y  d e t e r m i n e d  by 














1 J Alpha antitoxin
Beta antitoxin 
Antileucocidin








100 ^0~ lio ~2o 20 iiO So ho 1 0 0  ^ 1
I.U. of Alpha and Beta antitoxins and reciprocal of Antileuco­
cidin titer.
Fig.13. Cows showing the means of Alpha and Beta antitoxins 
and Antileucocidin in response to vaccines with adjuvant and with­
out adjuvant.
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d i f f e r e n c e .
I n  a n o t h e r  e x p e r i m e n t ,  15  cows were  e q u a l l y  d i s t r i ­
b u t e d  i n t o  t h r e e  g r o u p s  and v a c c i n a t e d  w i t h  t h r e e  t y p e s  o f  
p o l y v a l e n t  v a c c i n e s ,  e a c h  g r o u p  r e c e i v i n g  one t y p e  o f  v a c ­
c i n e , *  The v a c c i n e s  u s e d  w ere  b e t a - p r o p i o l a c t o n e  t r e a t e d  
v e a l  I n f u s i o n  whole  b r o t h  c u l t u r e  (PV-A),  b e t a - p r o p i o l a c t o n e  
t r e a t e d  c o n c e n t r a t e d  v e a l  i n f u s ' i o n  whole  b r o t h  c u l t u r e  
(PV-B),  and f o r m a l i n  t r e a t e d  c o n c e n t r a t e d  N.Z.  amine whole  
b r o t h  c u l t u r e  (PV -C ) .  A l l  cows r e c e i v e d  two i n j e c t i o n s  o f  
5 ml e ac h  a t  an i n t e r v a l  o f  two w e e k s .  Blood s e r a  were  
c o l l e c t e d  on t h e  10t h  and 30t h  day a f t e r  t h e  f i r s t  i n j e c ­
t i o n  and t i t r a t e d  f o r  a g g l u t i n i n s ,  a l p h a  and b e t a  a n t i t o x ­
i n s , * *  a n t i c o a g u l a s e ,  a n t i  P .V .  l e u c o c i d i n ,  and mouse 
p r o t e c t i o n  t e s t s .
The a n t i b o d y  r e s p o n s e s  a r e  l i s t e d  i n  t a b l e  9 ,  w h i c h  
shows t h a t  d i f f e r e n t  a n t i b o d i e s  v a r i e d  f ro m  one a n i m a l  t o  
a n o t h e r  w i t h i n  t h e  same g ro u p  and a l s o  f rom one g ro u p  t o  
a n o t h e r .
The a g g l u t i n i n  t i t e r s  i n  t h e  b lo o d  o f  e a c h  cow i s  
shown i n  f i g .  II4.• S t r a i n  15 a g a i n  s t i m u l a t e d  f a r  l e s s  
a g g l u t i n i n  t i t e r s  t h a n  t h e  o t h e r  t h r e e  v a c c i n e  s t r a i n s .
Some a n i m a l s  gave  p o o r  a n t i b o d y  r e s p o n s e  t o  a l l  v a c c i n e  
s t r a i n s .  The means o f  t h e  a g g l u t i n i n  t i t e r s  i n  t h e  cows
* The v a c c i n a t i o n  was done by D r .  F . E .  A l l e n .
**  A lpha  and b e t a  a n t i t o x i n s  were  k i n d l y  d e t e r m i n e d  by 
D r .  C l a r a  H. B a r t l e y .
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Table 9
A n t i b o d y  t i t e r s  I n  cows b e f o r e  and  a f t e r  v a c c i n a t i o n .
Cows A lp h a  a n t i ­ B a ta a n t i An t  i  1 euc  0 c i  d i n m l * A n t i c o a g -
t o x i n  I . U . / m l  t o x i n  I . U . / m l u lase /m l- t t#
P f a c t o r • S f a c t o r
0 30 0 30 0 30 0 30 0 30
day d a y s day days day  d a y s day  _. days day  d a y s
V a c c in e
PV-A
Clyde 0 1+8 0 4§ 16 256 32 512 8 16I d a 12 21+ 0 1+8 61+ 96 128 256 16 16
Sw eet ie 8 50 6 20 2 1+8 1+8 512 16 16
Sue 1+ 21+ 0 56 3 61+ 6 128 32 16
Kay 1 6 1+ 21+ 3 32 8 256 16 16
Means $ 30 . 1+ 2 3 6 .2  17 .6  99 .2 1+4.1+_ 332.8 17 16
V a c c in e
PV-B
O pa l 1 21+ 0 64 61+ 16 16Maud 3 0 55 96 128 256 1021+ 16 16
C e l i a 3 1+8 0 11+ 32 32 128 512 16 16
Lucy 12 21+ 9 50 1+ 512 61+ 1021+ 32 32
G race 0 21+ 0 50 128 128 16 16
Means 3* 8 2 8 . 5 0 3 7 . 2 ..1*1+ . 173.. . 149
V a c c in e
PV-C
H a z e l 0 30 0 50 3 64 8 256 8 16Quid 8 96 12 1+0 128 201+8 512 8192 l o 16
Rose 0 50 k 96 2 1+096 3 8192 16 21+
Judy 12 96 6 180 3 102k 1+8 1+096 8 32
P a t 0 96 0 1+8 1 768 8 3072 8 16
Means 1+ 14____ ,.4_*.4 27 1600 116 4762 11 21
*  R e c i p r o c a l  o f  h i g h e s t  se rum  d i l u t i o n  i n h i b i t i n g
2 M.C.D.
■JHt R e c i p r o c a l  o f  h i g h e s t  se rum  d i l u t i o n  i n h i b i t i n g  
1+ L+ d o se  o f  l e u c o c i d i n .
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-2q^8  Normal a g g lu t in in s in response to vaccinati-
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Sue
Immunized with PV-A Vaccine 
1,2,3,and U indicate reactions with strains 7,15,370 and Ger respectively
Fig. 1U.''Cows showing comparative agglutinin titers against diffrent 
S.aureus strains included in the vaccines.
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o f  a l l  t h e  t h r e e  v a c c i n e  g r o u p s  a r e  l i s t e d  i n  t a b l e  1 0 .
The cows i n o c u l a t e d  w i t h  v a c c i n e  PV-C p r o d u c e d  h i g h e r  a g g l u ­
t i n i n  t i t e r s  t h a n  o t h e r  g r o u p s .
T a b l e  10
Cows sh o w in g  t h e  m eans  o f  a g g l u t i n i n  t i t e r s  w i t h  
d i f f e r e n t  v a c c i n e  s t r a i n s .
V a c c i n e Means o f  a p g l u t i n i n  t i t e r s * Means o f
g r o u p  s S t r a i n 7 S t r a i n  15 S t r a i n  570 Ger t h e  means
PV-A 9 9 8 . 2 1 3 b .k 81+5 91+7 756
PV-B 7 8 0 . 8 320 6 6 5 . 6 973 685
PV-C 1 1 7 7 . 6 11+7.2. 1362.1+ 1229 979
*  A l l  t i t e r s  a r e  e x p r e s s e d  as  r e c i p r o c a l  o f  t h e  s e r u m  
d i l u t i o n s .
I t  i s  e v i d e n t  f r o m  t h e  r e s u l t s  shown i n  t a b l e  9 
t h a t  t h e  l e v e l  o f  a n t i c o a g u l a s e , i n  g e n e r a l ,  i s  p o o r  i n  
m o s t  o f  th e  c o w s .  The r e s p o n s e  o f  a l p h a  and b e t a  a n t i t o x ­
i n s  a t  d i f f e r e n t  i n t e r v a l s  i s  i l l u s t r a t e d  i n  f i g .  1 5 .  The 
cows v a c c i n a t e d  w i t h  v a c c i n e  PV-C h a d  c o n s i d e r a b l y  h i g h e r  
r e s p o n s e  o f  b o t h  t y p e s  o f  a n t i t o x i n s .  The a n i m a l s  o f  t h e  
o t h e r  two v a c c i n e  g r o u p s  d i d  n o t  d e m o n s t r a t e  much d i f f e r e n c e  
I n  e i t h e r  o f  t h e  two a n t i t o x i n  t i t e r s .  The b e t a  a n t i t o x i n  
l e v e l s  X'rere som ewhat  g r e a t e r  t h a n  a l p h a  a n t i t o x i n  l e v e l s .
Among v a r i o u s  t y p e s  o f  a n t i b o d i e s ,  a n t i  F and  S 
l e u c o c i d i n  ( f i g .  16)  gav e  s t r i k i n g l y  h i g h  t i t e r s .  T h e i r  

























O  Alpha antitoxin against PV-A 
& Beta antitoxin against PV-A
i  A Alpha antitoxin against PV-B
i A Beta antitoxin against PV-B
A r o Alpha antitoxin against PV-C
0 Beta antitoxin against PV-C
First and second injections
10
10
Days after first injection
Figl5. heansof alpha and beta antitoxin levels in the serum 
of cows injected with Vaccines PV-A,PV-B, and PV-C.
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Fig.  16. Tanned sheep RBC s e n s i t i z e d  with leucoc id in  (F and 
S components) showing hemagglutination sedimentation p a t t e r n  in  
the  s e ra  of vaccinated  cows.
Top rows S component absorbed; s e r i a l  d i lu t io n s  o f  a cow serum 
increas ing  towards the r i g h t .
Second row: F component absorbed; s e r i a l  d i lu t i o n s  of  the  serum 
from the same cow increas ing  towards the r i g h t .
Third rO w : S component absorbed; s e r i a l  d i lu t i o n s  of serum from 
a second cow increas ing  towards the r i g h t .
Bottom row: F component absorbed; s e r i a l  d i lu t i o n s  of serum from 
the second cow increas ing  towards the  r i g h t .
Last two tubes on the r i g h t  of  the  bottom row are tanned RBC 
absorbed with F and S components showing negat ive  r e a c t io n  with 
normal cow serum.
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an d  c o m p a r a t i v e l y  p o o r  i n  PV-A and PV-B g r o u p s .  I t  I s  e v i ­
d e n t  f ro m  t h e  r e s u l t s  t h a t  p r e v a c c i n a t i o n  a n t i l e u c o c i d i n  
t i t e r s  w e re  h i g h e r  I n  two cows (Q u id  and M aud) .  I t  c a n  
a l s o  be n o t i c e d  f r o m  t h e  r e s u l t s  t h a t  t h e  r e s p o n s e  o f  a n t i  
S l e u c o c i d i n  was a lw a y s  h i g h e r  t h a n  a n t i  P l e u c o c i d i n .
The r e l a t i o n s h i p  o f  v a r i o u s  t y p e s  o f  a n t i b o d i e s  
w i t h i n  and  o u t s i d e  t h e  v a r i o u s  v a c c i n e  g r o u p s  i a  d e p i c t e d  by 
f i g .  1 7 .  The i l l u s t r a t i o n  shows t h a t  t h e  t i t e r s  o f  a l p h a  
and  b e t a  a n t i t o x i n s  and  a n t i  P and  S l e u c o c i d i n s  w e re  c o n ­
s i d e r a b l y  h i g h e r  i n  t h e  cows v a c c i n a t e d  w i t h  v a c c i n e  PV-C 
t h a n  o t h e r  g r o u p s .
The r e s u l t s  o f  mouse p r o t e c t i o n  t e s t  l i s t e d  i n  
t a b l e  11 shows c o n s i d e r a b l e  d i f f e r e n c e  i n  t h e  p r o t e c t i o n  
c a p a c i t y  o f  v a r i o u s  s e r a  a g a i n s t  a  l e t h a l  c h a l l e n g e  d o s e .
The r e s u l t s  w e re  c a l c u l a t e d  ( s e e  a p p e n d i x )  I n  t e r m s  o f  $0% 
p r o t e c t i o n  f o l l o w i n g  t h e  Reed and  Muench (1 9 3 8 )  m e t h o d .
The r e s u l t s  i n d i c a t e  t h a t  t h e  s e r a  f r o m  t h e  cows v a c c i n a t e d  
w i t h  v a c c i n e  PV-C showed b e t t e r  mouse p r o t e c t i n g  p o w e r  f o l ­
lo w e d  by t h e  cows o f  v a c c i n e  g r o u p s  PV-A and PV-B r e s p e c ­
t i v e l y .  The cows i n  t h e  PV-C v a c c i n e  g r o u p  a l s o  showed 
h i g h e r  l e v e l s  o f  o t h e r  t y p e s  o f  a n t i b o d i e s  i n d i c a t i n g  some 
c o r r e l a t i o n .  The d i f f e r e n c e  i s  p a r t i c u l a r l y  s i g n i f i c a n t  
f o r  a n t i l e u c o c i d i n  l e v e l s  s u g g e s t i n g  some mouse p r o t e c t i v e  
r o l e  o f  t h i s  a n t i b o d y .  I t  i s  a l s o  e v i d e n t  f ro m  t h e  r e s u l t s  
t h a t  t h e  se rum  o f  c e r t a i n  cows b e f o r e  v a c c i n a t i o n  showed 
some mouse p r o t e c t i o n  p o w e r .  One cow i n  p a r t i c u l a r  b e l o n g ­
























[ [ Alpha antitoxin I.U. per ml ~T‘ Reciprocal of anti F
llfiiL leucocidin titer 
Beta antitoxin I.U. per ml p-gsi Reciprocal of anti S■ ^  ^  f  U' '»,  . j .  . . .[v^.! leucocidin titer 
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Fig.17. Vaccinated cows showing the means of various types 








































Mouse p r o t e c t i n g  a n t i b o d y  i n  t h e  s e r a  o f  cows 
b e f o r e  and  a f t e r  v a c c i n a t i o n .
Cows Mouse
H om ologous
p r o t e c t i n g
s t r a i n
a n t i b o d y *
H e t e r o l o g o u s  s t r a i n
0 d a y 15 days** 0 day 1 0  d a y s
Vaccine PV-A 
C ly d e 3 191*. 4 49
I d a 1 2 8 1 9 4 49 64
S w e e t i e 1 1 6 4 8 1 2 8
Sue 8 64 1 2 4 2
Kay 8 97 8
Means 3£ 123 16 T ?
Vaccine f*V-B 
O p a l 8 49 8 16
Maud 4 64 0 13
C e l i a 1 6 6 4 2 4
Lucy 8 8 0 0
G r a c e 4 8 2 4
Means 8 3$ £ 8
Vaccine PV-C 
H a z e l 4 16 4 2 1
Q u id 8 3 8 8 4 1 2 8
Rose 4 2 1 0 2 1
Ju d y 2 1 3 8 8 0 64
Pat 4 64 . 4 97
Means 8 2 . h .
*  R e c i p r o c a l  o f  t h e  h i g h e s t  s e ru m  d i l u t i o n  i n  0 . 5  ml 
p r o t e c t i n g  $ 0 %  o f  t h e  m ic e  a g a i n s t  c h a l l e n g e .
**  Serum t e s t e d  15  d a y s  f o l l o w i n g  t h e  s e c o n d  i n j e c ­
t i o n  o f  v a c c i n e .
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o f  p r e v a c c i n a t i o n  s e r a  o f  t h i s  g r o u p .  The p r o t e c t i o n  was 
s l i g h t l y  h i g h e r  a g a i n s t  h o m o lo g o u s  t h a n  h e t e r o l o g o u s  s t r a i n ,  
w h i c h  may h a v e  b e e n  due t o  some a n t i g e n i c  d i f f e r e n c e  b e tw e e n  
t h e s e  s t r a i n s .
A b o u t  two w eeks  a f t e r  t h e  s e c o n d  v a c c i n e  i n j e c t i o n ,  
t h e  cows w e re  c h a l l e n g e d  w i t h  s t r a i n  570 (h o m o lo g o u s )  and  
s t r a i n  10 ( h e t e r o l o g o u s ) .  E a c h  s t r a i n  was i n j e c t e d  i n t o  
one  q u a r t e r  o f  a l l  t h e  e x p e r i m e n t a l  and  f i v e  c o n t r o l  cow s .  
The c h a l l e n g e  r e s u l t s  a r e  shown i n  t a b l e  12.-&
T a b l e  12
Immune r e s p o n s e  i n  cows f o l l o w i n g  in t r a m a m m a ry  
c h a l l e n g e .
Cows v a c c i -  Q u a r t e r s  i n f e c t e d  3 C l i n i c a l  r e a c t i o n s
n a t e d  w i t h  w eeks  a f t e r  chal lenge*-*-  i n  q u a r t e r s
S t r a i n  570 S t r a i n  10 S t r a i n  570 S t r a i n  10
V a c c in e <5i> h / S h /S 1 s e v e r e  
1 m o d e r a t e
V a c c i n e PV-B 5/5 h /S 1 m o d e r a t e
2 s l i g h t
1 s l i g h t
V a c c i n e PV-C 3/5 2/5 1 s l i g h t 1 s l i g h t
C o n t r o l cows 5/5 5/5 3 severe-"-"-* 2 s l i g h t
1 m o d e r a t e  
1 s l i g h t
•iaa- N u m e r a t o r  i n d i c a t e s  t h e  nu m b er  o f  q u a r t e r s  i n f e c t e d  
and  d e n o m i n a t o r  n u m b er  o f  q u a r t e r s  c h a l l e n g e d .
■JHH'r Two a n i m a l s  d e v e l o p e d  s e v e r e  g a n g r e n o u s  m a s t i t i s  and 
h a d  t o  be s a c r i f i c e d .
** R e p r o d u c e d  t h r o u g h  t h e  c o u r t e s y  o f  D r .  L.W. S l a n e t z  
f r o m  t h e  t a l k  w h i c h  he  p r e s e n t e d  on D ec .  [j. & 5> 1963 
I n  t h e  m a s t i t i s  r e s e a r c h  w o r k e r s  c o n f e r e n c e  i n  C h i c a g o .
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The t a b l e  shows t h a t  v a c c i n e  PV-C g a v e  b e t t e r  p r o ­
t e c t i o n  b o t h  i n  t h e  n u m b e r  o f  i n f e c t e d  q u a r t e r s  a n d  c l i n i c a l  
r e a c t i o n s .  I t  I s  e v i d e n t  f r o m  f i g .  17  t h a t  v a c c i n e  PV-C 
s t i m u l a t e d  h i g h e r  a n t i b o d y  r e s p o n s e .  The d i f f e r e n c e  i s  
p a r t i c u l a r l y  s t r i k i n g  w i t h  r e g a r d  t o  a l p h a  and b e t a  a n t i ­
t o x i n s  and  a n t i l e u c o c i d i n . By a n a l y s i n g  t h e  r e s u l t s  s t a t i s ­
t i c  a l l y  ( s e e  a p p e n d i x ) ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
i n  t h e  t h r e e  g r o u p s  I n  t h e  t i t e r s  o f  a l p h a  and  b e t a  a n t i ­
t o x i n s .  On t h e  o t h e r  h a n d ,  t h e  r e s p o n s e  o f  a n t i  F and  S 
l e u c o c i d i n s  was s i g n i f i c a n t l y  h i g h e r  i n  t h e  cows v a c c i n a t e d  
w i t h  v a c c i n e  PV-C t h a n  i n  t h e  a n i m a l s  o f  t h e  o t h e r  two 
g r o u p s .  A g oo d  c o r r e l a t i o n  b e t w e e n  t h e  in t r a m a m m a r y  c h a l ­
l e n g e  r e s u l t s  a n d  t h e  m ouse  p r o t e c t i o n  p o w e r  o f  cow s e r a  
was o b s e r v e d  among t h e  t h r e e  v a c c i n e  g r o u p s .
A l l  t h e  s e ru m  s a m p l e s  f r o m  t h e  e x p e r i m e n t a l  cows 
w e r e  t e s t e d  w i t h  p u r i f i e d  F and  S f a c t o r s  o f  l e u c o c i d i n  by 
t h e  s l i d e  i m m u n o d i f f u s i o n  t e s t  ( f i g .  1 8 ) .  I t  was f o u n d  
t h a t  o n l y  t h o s e  s e r a  w h i c h  h a d  t i t e r s  o f  1:500 o f  o v e r  w e r e  
a b l e  t o  show p r e c i p i t a t i o n  l i n e s .  Most  o f  t h e s e  cows b e ­
l o n g e d  t o  v a c c i n e  g r o u p  PV-C.
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F i g .  1 8 .  I m m u n o d i f f u s i o n  r e a c t i o n  I n  cow and  
r a b b i t  s e r a  a g a i n s t  F a n d  S c o m p o n e n ts  o f  l e u c o c i d i n .  
The c e n t e r  w e l l s  1 and  3 c o n t a i n e d  F c o m p o n e n t  and  2 
and  c o n t a i n e d  S c o m p o n e n t s .  The p e r i p h e r a l  w e l l s  a ,  
b ,  and  c c o n t a i n e d  cow s e r a  v a c c i n a t e d  a g a i n s t  v a c c i n e s  
PV-A, PV-B, and  PV-C r e s p e c t i v e l y .  R a b b i t  s e r a  d ,  e ,  
a nd  f  w e re  a g a i n s t  v a c c i n e s  P V -9 ,  PV -10 ,  and  PV-11 
r e s p e c t i v e l y .
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DISCUSSION
D i f f e r e n t  S ,  a u r e u s  s t r a i n s  may h a v e  d i f f e r e n t  o p ­
timum i n c u b a t i o n  t e m p e r a t u r e s  f o r  t o x i n  and c o a g u l a s e  p r o ­
d u c t i o n .  I n  t h e  p r e s e n t  s t u d y  u s i n g  s t r a i n  5 7 0 ,  t e m p e r a t u r e  
d i d  n o t  a f f e c t  t h e  y i e l d  o f  c o a g u l a s e ;  h o w e v e r ,  t h e  t i t e r s  
o f  a l p h a  and b e t a  t o x i n s  w e re  h i g h e s t  i n  t h e  c u l t u r e s  grown 
a t  37 0 .  D a v i e s  (1 9 5 1 )  o b t a i n e d  maximum c o a g u l a s e  y i e l d  a t  
35 0 .  Bungay (1 9 6 1 )  was u n a b l e  t o  f i n d  any d i f f e r e n c e  i n  
t h e  y i e l d  o f  a l p h a  t o x i n  a t  37 and l\ 1 C t e m p e r a t u r e s .
T h e r e  was no d i r e c t  c o r r e l a t i o n  b e tw e e n  t h e  c e l l  
g r o w t h  b a s e d  on o p t i c a l  d e n s i t y  and t h e  y i e l d  o f  t o x i n s  
and  c o a g u l a s e .  Maximum y i e l d  o f  a l p h a  and b e t a  t o x i n s  w ere  
o b t a i n e d  on t h e  s h a k e r  u n d e r  $0% CO^ and 50% O2 . V/album 
( 1 9 2 1 ,  1 9 2 2 ) ,  w h i l e  i n v e s t i g a t i n g  t h e  c o n d i t i o n s  s u i t a b l e  
f o r  t o x i n  p r o d u c t i o n ,  r e p o r t e d  t h a t  s l i g h t l y  a c i d  r e a c t i o n  
o f  t h e  medium was m o s t  s u i t a b l e  f o r  t o x i n  p r o d u c t i o n .  P r e ­
s e n t  s t u d i e s  showed s i m i l a r  r e s u l t s .  U n d e r  i n c r e a s e d  a e r a ­
t i o n  and C02> t h e  c u l t u r e s  m a i n t a i n e d  a s l i g h t l y  a c i d i c  
r e a c t i o n .  T h i s  was p e r h a p s  due t o  t h e  b u f f e r i n g  a c t i o n  o f  
CO2 . C u l t u r e s  grown u n d e r  s i m i l a r  c o n d i t i o n s ,  b u t  w i t h o u t  
i n c r e a s e d  CO2 , showed an a l k a l i n e  r e a c t i o n  due t o  ammonia 
p r o d u c t i o n  w h i c h  was u n s u i t a b l e  f o r  h i g h  t o x i n  p r o d u c t i o n .
T r y p t i c a s e  so y  b r o t h  medium s u p p o r t e d  good g r o w th  
o f  S .  a u r e u s  b u t  p o o r  y i e l d s  o f  a l p h a  and b e t a  t o x i n s  w ere  
o b t a i n e d  i n  t h i s  medium. T h i s  medium may be d e f i c i e n t  o r  
i n a d e q u a t e  I n  c e r t a i n  m i n e r a l s ,  v i t a m i n s ,  o r  amino  a c i d s
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e s s e n t i a l  f o r  t o x i n  p r o d u c t i o n .  G l a d s t o n e  ( 1 9 3 8 )  p r o d u c e d  
a l p h a  t o x i n  i n  a  c h e m i c a l l y  d e f i n e d  medium w h i c h  c o n t a i n e d  
a  m i x t u r e  o f  8 t o  10 amino  a c i d s  i n c l u d i n g  a r g i n i n e  and 
g l y c i n e .  The a u t h o r  r e p o r t e d  t h a t  S.. a u r e u s  n e e d e d  l a r g e r  
a m o u n ts  o f  t h e s e  am ino  a c i d s  ( a r g i n i n e  an d  g l y c i n e )  f o r  
t o x i n  p r o d u c t i o n  t h a n  was n e e d e d  f o r  g r o w t h .  I n  t r y p t i c a s e  
s o y  b r o t h  medium t h e s e  am in o  a c i d s  may be i n a d e q u a t e ,  r e ­
s u l t i n g  i n  p o o r  t o x i n  y i e l d .
The p r o d u c t i o n  o f  c o a g u l a s e  by  S .  a u r e u s  d u r i n g  t h e  
e a r l y  p h a s e  o f  c e l l  g r o w t h  may be due  t o  t h e  a v a i l a b i l i t y  
o f  c e r t a i n  n u t r i e n t s  o r  p r e c u r s o r s  w h i c h  may be e x h a u s t e d  
i n  t h e  l a t e r  p a r t  o f  t h e  l o g  p h a s e  and  t h e  s t a t i o n a r y  p h a s e .  
I t  i s  a l s o  p o s s i b l e  t h a t  c e r t a i n  i n h i b i t o r y  s u b s t a n c e s  o r  
some r e p r e s s i v e  m e c h a n i s m  s t o p s  t h e  p r o d u c t i o n .  I t  h a s  
b e e n  p o i n t e d  o u t  e a r l i e r  t h a t  c o a g u l a s e  may be i n a c t i v a t e d  
i n  t h e  c u l t u r e  medium on p r o l o n g e d  i n c u b a t i o n .  The d e s ­
t r u c t i v e  e f f e c t  may be due  t o  t h e  s h a k i n g  o r  t h e  s u b s t a n c e  
may be o x y g e n  l a b i l e  a s  h a s  b e e n  o b s e r v e d  i n  t h e  c a s e  o f  
l e u c o c i d i n  ( V a l e n t i n e ,  1 9 3 6 ) .  The d e s t r u c t i o n  i s  m i n i m a l  
u n d e r  s t a t i c  c o n d i t i o n s  o f  c u l t u r e .
S ,  a u r e u s  c e l l s  d i s r u p t e d  by  v a r i o u s  m eans  w e r e  
c o m p a r e d  w i t h  f o r m a l i n  and  BPL t r e a t e d  c e l l s  f o r  immune and  
a n t i b o d y  r e s p o n s e  i n  r a b b i t s .  B o th  q u a n t i t a t i v e l y  and  q u a l i ­
t a t i v e l y ,  d i s r u p t e d  c e l l  v a c c i n e s  g a v e  h i g h e r  a n t i b o d y  r e ­
s p o n s e  t h a n  w h o l e  c e l l  v a c c i n e s .  On t h e  o t h e r  h a n d ,  a g a i n s t  
a  c h a l l e n g e  d o s e ,  b e s t  p r o t e c t i o n  was a f f o r d e d  by f o r m a l i n -  
i z e d  w h o le  c e l l  v a c c i n e s .  T h e s e  r e s u l t s  t h e n  s u g g e s t  t h a t
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a g g l u t i n a t i n g  o r  p r e c i p i t a t i n g  a n t i b o d i e s  and t h e  p r o t e c t i n g  
a n t i b o d i e s  may n o t  be t h e  s a m e .
D u r i n g  t h e  p r o c e s s  o f  c e l l  l y s i s  o r  d i s i n t e g r a t i o n ,  
t h e  s u r f a c e  a n t i g e n i c  s t r u c t u r e  i s  d i s o r g a n i z e d .  The a n t i ­
b o d i e s  f o r m e d  a g a i n s t  s u c h  a n t i g e n s  a r e  l e s s  s p e c i f i c  t o  
t h e  c e l l  s u r f a c e  a n t i g e n s  and a r e  i n a d e q u a t e  t o  g i v e  e f f e c ­
t i v e  p r o t e c t i o n  a g a i n s t  a c h a l l e n g e  d o s e .  G r e e n b e r g  and 
C o o p e r  ( i 9 6 0 )  c l a i m e d  t o  h a v e  p r o t e c t e d  r a b b i t s  v a c c i n a t e d  
w i t h  p h e n o l y s e d  h e a t  k i l l e d  d o r n a s e  l y s e d  c e l l s .  I n  t h e i r  
o p i n i o n ,  i n t r a c e l l u l a r  a n t i g e n s  p l a y  a g r e a t e r  r o l e  i n  im­
m u n i t y  t h a n  t h e  a n t i b o d i e s  t o  s u r f a c e  and  e x t r a c e l l u l a r  
a n t i g e n s .  K o e n ig  ( 1 9 6 2 ) ,  on t h e  o t h e r  h a n d ,  r e p o r t e d  t h a t  
s p e c i f i c  a n t i b o d i e s  a g a i n s t  s u r f a c e  o r  c a p s u l a r  a n t i g e n s  
w e r e  r e q u i r e d  f o r  p h a g o c y t o s i s  o f  c e r t a i n  v i r u l e n t  S .  a u r e u s  
s t r a i n s .
I n  r a b b i t s  3PL t r e a t e d  c e l l  t o x o i d  v a c c i n e s  p r o d u c e d  
h i g h e r  a l p h a  and b e t a  a n t i t o x i n  t i t e r s  t h a n  f o r m a l i n ! z e d  
c e l l  t o x o i d s ,  a l t h o u g h  n e i t h e r  g a v e  c o m p l e t e  p r o t e c t i o n  
a g a i n s t  t h e  c h a l l e n g e  d o s e .  T h e s e  r e s u l t s  i n  r a b b i t s  a r e  
i n  c o n f o r m i t y  w i t h  t h e  r e s u l t s  r e p o r t e d  by o t h e r  w o r k e r s  
( O r l a n s  and J o n e s ,  19^8 and F l a m i n g ,  I 9 6 0 ,  1 9 6 2 ) .  F i s h e r  
(1 9 5 7 )  r e p o r t e d  t h a t  t h e  a n t i g e n i c i t y  o f  t h e  p r o t e c t i n g  
f a c t o r  p r e s e n t  i n  £>. a u r e u s  t o x i n  i s  r e d u c e d  d u r i n g  t h e  
p r o c e s s  o f  f o r m a l i n  i n a c t i v a t i o n .
D i f f e r e n t  s p e c i e s  o f  a n i m a l s  seem  t o  h a v e  d i f f e r e n t  
immune and  a n t i b o d y  r e s p o n s e  a g a i n s t  v a c c i n e s  i n a c t i v a t e d  
by v a r i o u s  m e a n s .  I n  cows h i g h e r  a n t i b o d y  t i t e r s  w e re
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o b t a i n e d  a g a i n s t  f o r m a l i n  t r e a t e d  c e l l  t o x o i d s .  The l e v e l s  
o f  a l p h a  and  b e t a  a n t i t o x i n s  and  a n t i l e u c o c i d i n  w ere  c o n s i ­
d e r a b l y  l o w e r  w i t h  BPL t r e a t e d  v a c c i n e s .  The c a t t l e  v a c c i ­
n a t e d  w i t h  f o r m a l i n i z e d  v a c c i n e  a l s o  showed g r e a t e r  r e s i s t a n c e  
t o  c h a l l e n g e  d o s e s .  The u s e  o f  BPL t r e a t e d  v a c c i n e s  i n  cows 
a l s o  g av e  d i s c o u r a g i n g  r e s u l t s  i n  t h e  h a n d s  o f  o t h e r  w o r k e r s  
( S c h u l t z e  e t  a l . ,  1963) .
More work i s  s t i l l  n e e d e d  t o  d e t e r m i n e  t h e  e f f i ­
c i e n c y  o f  f o r m a l i n  and BPL as i n a c t i v a t i n g  a g e n t s  f o r  
v a c c i n e s .  The d ra w b a c k  a g a i n s t  t h e  f o r m e r  i s  t h a t  i t  t a k e s  
a  l o n g  p e r i o d  t o  d e t o x i f y  t h e  t o x i n s ,  w h i c h  i n c r e a s e s  t h e  
c h a n c e s  o f  a n t i g e n  d e n a t u r a t i o n .  O t h e r  m eans  o f  t o x o i d i n g  
l i k e  p a p a i n  t r e a t m e n t  d e s e r v e  a t t e n t i o n  (Ramon and  R i c h o u ,  
1 9 6 3 ) .
I t  h a s  b e e n  fo u n d  t h a t  t h e  immune and a n t i b o d y  r e ­
s p o n s e  i n  v a c c i n a t e d  a n i m a l s  v a r i e d  w i t h  d i f f e r e n t  s t r a i n s  
.§.• a u r e u s . D i f f e r e n t  a n i m a l s  o f  t h e  same s p e c i e s  a l s o  
showed c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  immune and a n t i b o d y  
r e s p o n s e  t o  v a c c i n e  p r e p a r a t i o n s .  I n  t h i s  s t u d y  no  c o r r e ­
l a t i o n  was o b t a i n e d  b e tw e e n  t h e  r e s u l t s  o f  p r o t e c t i o n  
a g a i n s t  c h a l l e n g e  o r g a n i s m s  and  t h e  a l p h a  and b e t a  a n t i t o x i n  
t i t e r s .  Some r a b b i t s  sh o w in g  good r e s p o n s e  o f  a l p h a  a n t i ­
t o x i n  d e m o n s t r a t e d  l o w e r  r e s i s t a n c e  a g a i n s t  t h e  c h a l l e n g e  
d o se  o f  S .  a u r e u s  t h a n  t h e  a n i m a l s  h a v i n g  low a l p h a  a n t i ­
t o x i n  t i t e r s .  R a b b i t s  i n j e c t e d  w i t h  v a c c i n e  PV-12 h a d  
h i g h e r  r e s p o n s e  o f  a n t i l e u c o c i d i n .  T hese  a n i m a l s  a l s o  
showed g r e a t e r  r e s i s t a n c e  t o  c h a l l e n g e  d o s e .  T h i s  s u g g e s t s
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t h a t  a n t i l e u c o c i d i n  may h a v e  some c o r r e l a t i o n  w i t h  im m u n i ty .
V a c c i n a t i o n  t r i a l s  i n  cows c o n f i r m e d  some o f  t h e  
o b s e r v a t i o n s  made f ro m  r a b b i t  s t u d i e s .  Out o f  t h e  t h r e e  
v a c c i n e s  (PV-A, PV-B, and  PV-C) cows v a c c i n a t e d  w i t h  PV-C 
( f o r m a l i n i z e d  K .Z .  amine  w h o le  b r o t h  c u l t u r e )  s t i m u l a t e d  
h i g h e r  l e v e l s  o f  a n t i b o d i e s  i n c l u d i n g  a l p h a  a n t i t o x i n  and 
a n t i l e u c o c i d i n .  T h ese  a n i m a l s  a l s o  showed c o n s i d e r a b l y  
b e t t e r  p r o t e c t i o n  a g a i n s t  c h a l l e n g e  d o se  o f  o r g a n i s m s  t h a n  
t h e  cows o f  o t h e r  g r o u p s .  The d i f f e r e n c e  i n  p r o t e c t i o n  can  
o n l y  be a t t r i b u t e d  t o  t h e  h i g h  p r o t e c t i n g  po w er  o f  a n t i l e u ­
c o c i d i n  a s  t h e  l e v e l  o f  t h i s  a n t i b o d y  i s  s i g n i f i c a n t l y  
h i g h e r  t h a n  t h e  a n i m a l s  o f  o t h e r  v a c c i n e  g r o u p s .  I t  i s  
e x p e c t e d  t h a t  h i g h  a n t i t o x i n s  i n  t h e  cows o f  t h i s  g r o u p  
h e l p e d  i n  d e c r e a s i n g  t h e  s e v e r i t y  o f  t h e  I n f e c t i o n .
The i m p o r t a n c e  o f  c o a g u l a s e  i n  im m u n i ty  h a s  b e e n  
r e p o r t e d  by Boake ( 1 9 5 6 ) ,  B l o b e l  and  Berman ( 1 9 6 1 ) ,  and 
L o m i n s k i  e t  a l .  ( 1 9 6 2 ) .  I n  t h e  p r e s e n t  s t u d i e s  i n  cows 
t h e r e  was v i r t u a l l y  no  i n c r e a s e  o f  a n t i c o a g u l a s e  t i t e r s  I n  
r e s p o n s e  t o  v a c c i n a t i o n .  D e r b y s h i r e  ( 1 9 6 0 a ,  1 9 6 1 a )  i n  two 
o f  h i s  e x p e r i m e n t s  i n  g o a t s  was u n a b l e  t o  d e t e c t  any  a n t i ­
c o a g u l a s e  t i t e r .  H ow ever ,  i n  t h e  s u b s e q u e n t  work (D e r b y ­
s h i r e  and H e l l i w e l l ,  196 2 )  some r e s p o n s e  was o b t a i n e d  w i t h  
c o n c e n t r a t e d  u n d e t o x i f i e d  p r e p a r a t i o n s .  I t s  r o l e  i n  immu­
n i t y  was r e p o r t e d  i n s i g n i f i c a n t  ( D e r b y s h i r e ,  1963) .
The r e s u l t s  o f  t h e  p r e s e n t  s t u d i e s  a r e  i n  c o n f o r m i t y  
w i t h  t h e  r e s u l t s  o f  Johanovsky ( 1 9 5 8 a )  who f o u n d  a v e r y  h i g h  
c o r r e l a t i o n  b e tw e e n  t h e  r e s i s t a n c e  and  t h e  t i t e r s  o f  a n t i -
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l e u c o c i d i n  r a t h e r  t h a n  t h a t  o f  a l p h a  a n t i t o x i n .  Sebek  e t  
a l .  (1959)  r e d u c e d  t h e  i n c i d e n c e  o f  .S. a u r e u s  i n f e c t i o n  i n  
humans by s e v e n  f o l d  a f t e r  u s i n g  t h e  t o x o i d s  c o n t a i n i n g  
h i g h  l e u c o c i d i n .  The c o r r e l a t i o n  be tw ee n  t h e  r e s i s t a n c e  t o  
i n f e c t i o n  and t h e  l e v e l s  o f  a n t i t o x i n s  i s  r e p o r t e d  low and 
i r r e g u l a r  (C onner  and McKie, 1933;  B l a i r  and H a l lm a n ,  1936;  
Dolman, 1937;  H i t e  e t  a l . ,  1938;  and P e a r s o n ,  1 9 5 9 ) .  D e rb y ­
s h i r e  (1951a)  was u n a b l e  t o  p r o t e c t  v a c c i n a t e d  g o a t s  a g a i n s t  
c h a l l e n g e  w i t h  s t r a i n  BB. Hone o f  t h e s e  g o a t s  showed a n t i ­
l e u c o c i d i n  r e s p o n s e .  I n  a s u b s e q u e n t  e x p e r i m e n t  ( D e r b y s h i r e  
and H e l l i w e l l ,  1 9 6 2 ) ,  t h e  g o a t s  were immunized w i t h  a  p r e ­
p a r a t i o n  c o n t a i n i n g  m e a su re d  amounts  o f  a l p h a  l y s i n ,  c o a g u ­
l a s e ,  and l e u c o c i d i n .  These  g o a t s  showed much b e t t e r  p r o ­
t e c t i o n  on c h a l l e n g e  a g a i n s t  t h e  same s t r a i n  ( s t r a i n  B B ).
The b e t t e r  p r o t e c t i o n  i s  a t t r i b u t e d  t o  be due t o  t h e  i n ­
c r e a s e d  r e s p o n s e  o f  a n t i l e u c o c i d i n .  The l e v e l s  o f  a l p h a  
a n t i t o x i n  i n  b o th  t h e  e x p e r i m e n t s  r e m a in e d  more o r  l e s s  
t h e  sam e .
The v a l u e  o f  a l p h a  a n t i t o x i n  i s  u n d o u b t e d l y  i n  t h e  
r e d u c t i o n  o f  t h e  s e v e r i t y  o f  t h e  i n f e c t i o n  by n e u t r a l i z a ­
t i o n  o f  S.  a u r e u s  a l p h a  t o x i n .  I t  i s ,  h o w e v e r ,  q u e s t i o n ­
a b l e  w h e t h e r  a n t i t o x i n  w i l l  p r e v e n t  o r  e l i m i n a t e  th e  e x i s t ­
i n g  i n f e c t i o n .  On t h e  o t h e r  h a n d ,  t h e  a n t i l e u c o c i d i n s  
p r e v e n t  damage t o  t h e  l e u c o c y t e s  and t h e  b o d y ’ s d e f e n s i v e  
mechanism o f  p h a g o c y t o s i s  i s  e f f e c t i v e  a g a i n s t  t h e  s t a p h y l o ­
c o c c i .  I n  c e r t a i n  c a s e s  f o r  s u c c e s s f u l  p h a g o c y t o s i s  s p e c i ­
f i c  a n t i b o d y  ( o p s o n i n )  may be n e e d e d  (K o e n ig ,  1 9 6 2 ) .
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SUMMARY AND CONCLUSIONS
The maximum y i e l d  o f  a l p h a  and  b e t a  t o x i n s  was o b ­
t a i n e d  a t  37 C on  t h e  s h a k e r  u n d e r  $0 % CO  ^ 5 0 %
c e p t  f o r  t r y p t l c a s e  s o y  b r o t h ,  a l l  o t h e r  m e d i a  u n d e r  i n v e s ­
t i g a t i o n  w e re  f o u n d  s u i t a b l e  f o r  t o x i n  p r o d u c t i o n .  An 
a d v e r s e  e f f e c t  on t o x i n  y i e l d  was d e m o n s t r a t e d  by i n c r e a s i n g  
t h e  so d iu m  c h l o r i d e  c o n c e n t r a t i o n  f r o m  0 . 5 % t o  1 , 5 % i n  h e a r t  
I n f u s i o n  b r o t h .  F o r  maximum a l p h a  and b e t a  t o x i n  p r o d u c t i o n  
o p t im um  i n c u b a t i o n  p e r i o d  was f o u n d  t o  be I48 h o u r s  and 72 
h o u r s  r e s p e c t i v e l y .
The p r o d u c t i o n  o f  c o a g u l a s e  was n o t  a f f e c t e d  by any  
o f  t h e  t h r e e  i n c u b a t i o n  t e m p e r a t u r e s  u s e d  i n  t h i s  s t u d y .  
H i g h e s t  c o a g u l a s e  y i e l d  was o b t a i n e d  i n  e x t r a c t  b r o t h  and
N .Z .  amine  b r o t h  m e d i a .  C u l t u r e s  grown u n d e r  i n c r e a s e d
a e r a t i o n s  and  CO2 c o n c e n t r a t i o n s  showed d e s t r u c t i v e  e f f e c t  
on c o a g u l a s e  d u r i n g  a p r o l o n g e d  i n c u b a t i o n  p e r i o d .  I n  
g e n e r a l ,  t h e  op t im um  p e r i o d  f o r  c o a g u l a s e  p r o d u c t i o n  was 
fo u n d  t o  be 2I4. h o u r s  I n  t h e  c u l t u r e s  grown u n d e r  s t a t i c
c o n d i t i o n s ,  12 h o u r s  i n  t h e  c u l t u r e s  on t h e  s h a k e r ,  and  8
h o u r s  i n  t h e  c u l t u r e s  on t h e  s h a k e r  u n d e r  50% CO^ and  50%
A n t i s e r a  f ro m  r a b b i t s  i n j e c t e d  w i t h  d i s r u p t e d  o r  
l y s e d  c e l l  v a c c i n e s  g a v e  h i g h e r  a g g l u t i n i n  t i t e r s  and more 
p r e c i p i t a t i o n  l i n e s  t h a n  t h e  w h o le  c e l l  v a c c i n e s .  H ow eve r ,  
on c h a l l e n g e ,  b e t t e r  p r o t e c t i o n  was shown by t h e  r a b b i t s  
v a c c i n a t e d  w i t h  f o r m a l i n i z e d  w ho le  c e l l s  r a t h e r  t h a n  d i s ­
r u p t e d  c e l l s  o r  b e t a - p r o p i o l a c t o n e  t r e a t e d  c e l l  v a c c i n e s .
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B e t a - p r o p i o l a c t o n e  t r e a t e d  v a c c i n e s  p r o d u c e d  h i g h e r  a l p h a  
and  b e t a  a n t i t o x i n  r e s p o n s e  i n  t h e  r a b b i t s  t h a n  t h e  f o r m a l i ­
n i z e d  v a c c i n e s .  The l e v e l s  o f  t h e s e  end o t h e r  t y p e s  o f  
a n t i b o d i e s  were  h i g h e r  i n  cows i n j e c t e d  w i t h  f o r m a l i n i z e d  
v a c c i n e s  t h a n  w i t h  b e t a - p r o p i o l a c t o n e  i n a c t i v a t e d  v a c c i n e s .
F i v e  v a c c i n e s  d i f f e r i n g  i n  e i t h e r  t h e  p o t e n c y  o f  
c e r t a i n  d i f f u s i b l e  p r o d u c t s  o r  i n  t h e  m anner  o f  i n a c t i v a ­
t i o n  w ere  u s e d  f o r  i m m u n i z a t i o n  o f  r a b b i t s .  T he re  was no 
c o r r e l a t i o n  i n  v a c c i n a t e d  r a b b i t s  b e tw e e n  t h e  l e v e l s  o f  
a l p h a  o r  b e t a  a n t i t o x i n s  and  t h e  p r o t e c t i o n  a g a i n s t  a  c h a l ­
l e n g e  d o s e .  However ,  t h e  r a b b i t s  sh o w in g  h i g h e r  a n t i l e u c o ­
c i d i n  t i t e r s  showed b e t t e r  p r o t e c t i o n  a g a i n s t  c h a l l e n g e  
d o s e s  o f  S .  a u r e u s .
Cows v a c c i n a t e d  w i t h  v a c c i n e  PV-C ( p o l y v a l e n t  N .Z .  
amine whole  b r o t h  c u l t u r e  t r e a t e d  w i t h  f o r m a l i n )  showed 
g r e a t e r  r e s i s t a n c e  t o  in t ram am m ary  c h a l l e n g e  t h a n  t h e  cows 
v a c c i n a t e d  w i t h  two o t h e r  v a c c i n e s .  V a c c in e  PV-C s t i m u l a t e d  
h i g h e r  l e v e l s  o f  a n t i l e u c o c i d i n  i n  t h e s e  cows t h a n  i n  cows 
v a c c i n a t e d  w i t h  o t h e r  v a c c i n e s .  T h i s  s u g g e s t s  t h a t  a n t i ­
l e u c o c i d i n  may be i m p o r t a n t  i n  r e s i s t a n c e  t o  s t a p h y l o c o c c a l  
I n f e c t i o n .  A n t i s e r a  f rom  t h e  cows v a c c i n a t e d  w i t h  PV-C 
v a c c i n e  a l s o  d e m o n s t r a t e d  h i g h e r  mouse p r o t e c t i n g  power  
f o l l o w i n g  c h a l l e n g e  w i t h  s t r a i n s  o f  S .  a u r e u s .
The i m p o r t a n c e  o f  a d j u v a n t s  i n  t h e  v a c c i n e s  h a s  
b e e n  c o n f i r m e d .
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APPENDIX
C a l c u l a t i o n  o f  s t a n d a r d  d e v i a t i o n  ( S . D . )  o f  a l p h a  
a n t i t o x i n  a n d  a n t i l e u c o c i d i n  i n  t h e  s e r a  o f  r a b b i t s  v a c c i ­
n a t e d  w i t h  v a c c i n e s  P V -8 ,  P V -9 ,  P V -1 0 ,  PV -1 1 ,  and  P V -1 2 .
(Sum x)‘
Sum x2 -  n
S . D .  =
n -  1
R a b b i t X X 2






5 1 1 =
6 3 9
Sum 31 307
By f o l l o w i n g  t h e  m e th o d shown a b o v e  t h e s t a n d a r d
d e v i a t i o n s  o f  r e m a i n i n g  a l p h a  a n t i t o x i n  a n d  a n t i l e u c o c i d i n  
w e r e  c a l c u l a t e d .
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C a l c u l a t i o n  o f  5 0 $  m ouse  p r o t e c t i o n  p o w e r  o f  p r e  
a n d  p o s t  v a c c i n a t i o n  cow s e r a  a g a i n s t  v a c c i n e s  PV-A, PV-B, 
an d  PV-C by  Reed  a n d  Muench ( 1 9 3 ^ )  m e t h o d .
B e f o r e  t e s t i n g  t h e  mouse  p r o t e c t i o n  p o w e r  o f  d i f ­
f e r e n t  s e r u m  s a m p l e s ,  a  1 0 0 $  l e t h a l  d o s e  a g a i n s t  one h o m o lo ­
g o u s  ( s t r a i n  5 7 0 )  a n d  one  h e t e r o l o g o u s  s t r a i n  ( s t r a i n  1531) 
was d e t e r m i n e d .  A g r o u p  o f  f i v e  m ic e  w e re  i n j e c t e d  w i t h  
0 . 5  ml  d o s e  o f  v a r i o u s  d i l u t i o n s  o f  t h e  c u l t u r e .  I n  t e s t ­
i n g  s e ru m  s a m p l e s  a s  f a r  a s  p o s s i b l e  an  a t t e m p t  was made 
t o  u s e  s u c h  s e r u m  d i l u t i o n s  w h i c h  g a v e  a m o r t a l i t y  r a n g e  
o f  0 t o  1 0 0 % a g a i n s t  t h e  c h a l l e n g e  d o s e .
F i f t y  p e r  c e n t  m ouse  p r o t e c t i o n  p o w e r  o f  s e r u m  
o b t a i n e d  f r o m  cow C ly d e  a f t e r  v a c c i n a t i o n  w i t h  v a c c i n e  PV-A.
1 : 3 2
- 1 . 5 0 5 1  
l o g  10
M o r t a l i t y  r a t e
No. d i e d
No. S u r v i v e d
Ac c u m u la  t  i  on 





S u r v i v e d  5
M o r t a l i t y  r a t e  9/11* 
% m o r t a l i t y  1*3«3
Serum  d i l u t i o n s
1 : 1 2 8





9 / 1 5
60
1 :5 1 2





5 / 1 1
1*5.5
5 0 $  p r o t e c t i o n
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50% -  % m o r t a l i t y  n e x t  b e lo w  
P r o p o r t i o n a t e  d i s t a n c e  = ^  m o r t a l i t y  n e x t  abo ve  50% —
% m o r t a l i t y  n e x t  b e lo w  50%
50 -  1+5*5 _ 1+.5
6 0  -  14-5-5 11+.5
= 0 . 3 1 0
I d  50 e n d  p o i n t
l o g  l o w e r  d i l u t i o n  =
p r o p o r t i o n a t e  d i s t a n c e  x  l o g  d i l .  f a c t o r
0 . 3  x  . 6 0 1 2
Sum =-
- 2.2878
a)  50% end  p o i n t  = 10
2 . 2 8 7 8
b) I d  50 l o g  = 10
c )  5 0 $  n e u t r a l i z a t i o n  e n d  p o i n t  = 2.2878
d)  a n t i l o g  o f  50% n e u t r a l i z a t i o n  end  p o i n t  = I 9I4.
50$
= 0 . 3
2 . 1 0 7 2
0 . 1 8 0 6
2.2878
By f o l l o w i n g  t h e  m e th o d  shown abov e  t h e  50% p r o t e c ­
t i o n  p o w e r  o f  o t h e r  s e ru m  s a m p l e s  a g a i n s t  t h e  c h a l l e n g e  
d o s e  o f  h o m o lo g o u s  and  h e t e r o l o g o u s  s t r a i n s  was c a l c u l a t e d .
D i f f e r e n c e s  o f  a l p h a  and b e t a  a n t i t o x i n s  and  a n t i l e u c o c i d i n s  i n  t h e  s e r a  o f  
cows v a c c i n a t e d  w i t h  v a c c i n e *  PV-A, PV-B, and PV-C — A n a l y s i s  o f  v a r i a n c e  by F v a l u e s .
A lp ha  a n t i t o x i n .
C a l c u l a t i o n V a cc in es C a l c u l a t i o n
f rom  th e * "F F T PV-B ......PV- C from t h e
columns ReciprO' 
c a l  o f  
t i t e r s
X
( l o g )
X2 R e c ip r o  
c a l  o f  
t i t e r s
X
( l o g )
x 2 fte c i p r o  
c a l  o f  
t i t e r s
X
( l o g )
x  r&ws
58 1 .6 8 2 .8 0 2k 1 .3 8 1 .9 0 30 1 .4 8 2 .2 0
21| 1 ,38 1 .9 0 2i+ 1 .3 8 1 .9 0 96 1 .9 8 3 .9 0
50 1 .7 0 2 .9 0 48 1 .6 8 2 .8 0 50 1 .7 0 2 .9 0
2i| 1 .3 8 1 .9 0 2k 1 .3 8 1 .9 0 96 1 .9 8 3 .9 0
6 0 .7 8 0 .6 1 2k 1 .3 8 1 . 9 0 96 1 .9 8 3 .9 0
=
6 .9 2 7 .2 0 9 .1 2 £ £ X  = 23.21
i  = 1 .3 8 1 . 4 4 1 .8 2 x = 1 . 5 5
Z  ( x ) 2 = 1 0 . 1 1 1 0 .4 0 1 6 .8 0 £ 2: ( x ) 2= 3 7 .
E x ) 2 = 5 7 .8 8 51-8 4 8 3 .1 7 r  ( £ x ) 2=1S2
D i f f e r e n c e  w i t h i n  v a c c i n e  g r o u p s ;
( x ) 2  = 1 / 5  [ 5 ( 3 7 . 3 1 )  -  1B2.89]  = 0 .7 3
Mean s q u a r e  ( v a r i a n c e )  = 0 .7 3  = 0 ,0 6  i . e .  F = < 1
12 no s i g n i f i c a n t  d i f f e r e n c e  
D i f f e r e n c e  be tw een  v a c c i n e  g r o u p s :
r x F ~  1 / 1 5  [ 3 l l S 2 . 5 9 )  -  2 3 .2 i |2J = 0 .5 7
Mean s q u a r e  ( v a r i a n c e )  = 0 .6 7  = 0 .2 9  i . e .  F = < 1
2 no s i g n i f i c a n t  d i f f e r e n c e  ,
B e t a  a n t i t o x i n .
V a c c i n e s
C a l c u l a t i o n  C a l c u l a t i o n
f ro m  t h e  RV-A PV-B RV-C ~  f ro m  t h e
r.nl limns 'R «r> ^  r-iT'n— -r -r2 ■nr'n— -r -rcolu s e c ip r c  
c a l  o f
t i t e r s
>- X
( l o g )
x ^ ‘ R e c i p r o -  x  
c a l  o f  ( l o g )
t i t e r s
x2 R e c i p r c
c a l  o f
t i t e r s
i- X
( l o g )
x 2" rows
48 1 .6 8 2 .8 0 24 1 . 3 8 1 . 9 0 50 1 . 7 0 2 .9 0
48 1 .6 8 2 .8 0 48 1 . 6 8 2 .8 0 40 1 . 6 0 2 .5 6
20 1 . 3 0 1 .6 9 14 1 . 1 4 1 . 3 0 96 1 . 9 8 3 .9 0
56 1 . 7 5 3 . 0 5 50 1 . 7 0 2 .9 0 180 2 .2 6 5 . 1 0
24 1 . 3 8 1 .9 0 50 1 . 7 0 2 . 9 0 48 1 .6 8 2 .8 0
51 x  = 7 .7 9 7 . 6 0 9 .2 2 7  r x  = 2 4 .6 1
x  = 1 . 5 6 1 . 5 2 1 . 8 4 x  = 1 . 6 4
E  ( x ) 2 = 1 2 .2 4 1 1 .8 0 1 7 .2 6 X  Z ( x ) 2 = 4 1 . 3 0
t.Z x ) 2 = 6 0 ,6 8 5 7 .7 6 8 5 ,0 0 y ;  ( y  x ) 2 = 2 0 3 .4 4
D i f f e r e n c e w i t h i n v a c c i n e i g ro u p s :
( x ) 2 = 1 /  
Mean s q u a r e
5 C 5 ( 4 1 . 3 0 )  -  
( v a r i a n c e )  =
2 0 3 .4 4  
0 . 6 1  =
] = 0 . 6 1
0 . 0 5  i . e .  F’ = <-1
12 no s i g n i f i c a n t  d i f f e r e n c e
D i f f e r e n c e  be tw e e n  v a c c i n e g r o u p s :
1 x}2  = l / l 5  r 31203.1+1+) -  2 4 . 6 1 * ]  = 0 .3 1
Mean s q u a r e  ( v a r i a n c e )  -  0 . 3 1  = 0 .1 6  i . e .  F = < 1
2 no s i g n i f i c a n t  d i f f e r e n c e
Anti S leucocidln.
Vaccines
C alcu lation_____________________________________  Ca lc u la t io n
from the PV-A EV-B 1 EV-d/ T ~from the
columns Recipro- x x^ Recipro- x 5r- kecipro- x x^”*rows 
c a l  o f  ( lo g )  c a l  o f ( lo g )  ca l o f  ( log )
  t i t e r s  t i t e r s  t i t e r s
512 2 .7 1 7 . 3 4 64 1.81 3 .2 6 256 2.41 5.80
256 2.41 5.80 1024 3.01 9 . 0 5 8192 3 .9 1 1 5 .3 0
512 2 .7 1 7 . 3 4 512 2 .7 1 7 . 3 4 8192 3 . 9 1 1 5 .3 0
128 2.11 4 . 4 5 1024 3 .0 1 9 . 0 5 4096 3 .6 1 13.00
256 2.41 5.80 128 2.11 4 . 4 5 3072 3 . 4 9  1 2 .2 0
X *  = 1 2 .3 5 1 2 .6 5 1 7 .3 3 Z i x  = 4 2 .3 3
x -  T  x / 5  = 2 .4 7 2 . 5 3 3 .4 7 X = 2 .8 2
ii 3 0 .7 3 3 3 .1 5 61.60 I I I 2 = 125.48
( i  = 1 5 2 .5 2 1 6 0 .0 2 3 0 0 .3 3 Z (.Z x ) 2 = 6 1 2 .8 7
D i f f e r e n c e  w i t h i n  v a c c i n e  g r o u p s :
Sum o f  s q u a r e s  = ( Z  X) 2  = 1/5? [  5 (12 5 *4 8 )  -  6 1 2 .87J = 2 .9 6
Mean square ( v a r i a n c e )  = 2 .9 6  = 0 .2 4 6  (12 Is th e  d e g re e  o f  f reedom )
12
D i f f e r e n c e  betvreen v a c c i n e  g r o u p s :
Sum o f  s q u a r e s  = ( z  x ) ^  = l / l 5  [ 3 ( 6 1 2 .8 7 )  -  ( 4 2 .3 3 )  J = 3*12 
Mean s q u a r e  ( v a r i a n c e )  = 3 .1 2  = 1 . 5 6  (2 i s  t h e  d e g re e  o f  f reedom )
2
The v a r i a n c e  r a t i o  i . e .  F = Mean s q u a r e  be tw een  v a c c i n e  g r o u p s  = 1 .5 6  = 6 . 3 4
Mean s q u a r e  w i t h i n ' v a c c i n e  g ro u p s  0•  2i+6
P = ( d e g r e e s  o f  f reedom  f o r  g r e a t e r  mean s q u a r e )  = 2 = < .0 5  & > .01
f 2 ( d e g r e e s  o f  f reedom  f o r  l e s s e r '  mean s q u a r e )  12 ( f ro m  t a b l e  1 0 . 5 . 3 *  P* 2i|6
o f  S n e d e c o r ,  1956)





from the ■PVI'A"'" PV-B PV-dJ „ from the
columns Recipro- x 
ca l o f ( log)  
t i t e r s
X2 Reciprc 
c a l o f  
t i t e r s
>- X 
(log)
X2 Recipro- x 
ca l o f ( log )  
t i t e r s
x*- rows
256 2 . i a 5.80 64 1.81 3.26 64 1.81 3 .2 6
96 1.98 3*90 128 2 .1 1 4 . 4 5 2048 3 .3 1 1 0 .9 0
48 1 . 6 8 2.80 32 1 . 5 1 2 .2 8 4096 3 .6 1 13.00
6k 1 .8 1 3 .2 6 512 2 .7 1 7 . 3 4 1024 3 .0 1 9 .0 5
32 1 .5 1 2.28 128 2 .1 1 1*4? 768 2 .8 9 8 .3 5
£  x = 9 .3 9 1 0 .2 5 i"4.63 ■£ j : x = 3q-»27
X = T x / 5  = 1 .8 8 2 .0 5 2 .9 3 x = 2 .2 9
1 x 2  = 1 8 .0 4 21.78 4 4 .5 6 £  £ X2  =  8 4 .3 8
(v x ) 2 = 8 8 .0 0 1 0 2 .5 0 2 14 .00 £  ( z  x ) 2 = 4 0 4 .5 0
D i f f e r e n c e  w i t h i n  v a c c i n e  g r o u p s :
Sum o f  s q u a r e s  = £ x 2  = 1 / 5  [ 8 ij_• 3 8 ) -  404*50]  = 3*48 
Mean s q u a r e  ( v a r i a n c e )  = 3 *^o = 0 .2 9
D i f f e r e n c e  be tw een  v a c c in e  g r o u p s :
Sum o f  s q u a r e s  = (,r  x ) d  -  l / l 5  f  3 (4 0 4 » 50) -  (3 4 * 2 7 ) 2 J = 2 .6 0  
Mean s q u a r e  ^ v a r i a n c e )  = 2 .6 0  = 1 .3 0  (2 i s  t h e  d e g r e e  o f  f reedom )
2
The v a r i a n c e  r a t i o  i . e .  P = 1 .3 0  = 4*49
.29
P = £ l  = 2 = 2  0 . 0 5  & > 0 .0 1  ( f ro m  t a b l e  1 0 .5 * 3  p .  246 o f  S n e d e c o r ,  1956)
f 2  1 2
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